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PHYSIOLOGICAL AND MOTOR RESPONSES TO A 
REGULARLY RECURRING SOUND: 
A STUDY IN MONOTONY * 


BY GEORGE D. LOVELL AND JOHN J. B. MORGAN 


Northwestern University 


In connection with his work on the effect of sounds on human 
behavior, Morgan observed that a tone of 60 cycles per sec., if sounded 
intermittently at a regular rate, tended to aid infants and young 
children in falling asleep. This finding raised several questions con- 
cerning such monotonous stimulation. Would the reaction of adults 
be similar to that of young children? Would there be wide or rela- 
tively narrow individual differences? Would there be any consistent 
patterns, and if so, what would be their nature? Would there be any 
noticeable and consistent physiological or motor accompaniments of 
the reaction to the sound? And finally, would the sound produce a 
suggestion of monotony and relaxation, or would there be a response 
to the sound of a physiological or motor nature which aided in the 
final relaxation? 

Although monotonous stimulation of a regular, intermittent char- 
acter, such as the constant swishing of the waves at the shore, has 
been popularly regarded as effective in producing relaxation, little 
experimental investigation has been made of the phenomenon. 
Studies of monotony in industrial situations have largely emphasized 
the loss in industrial efficiency, rather than any other aspect. It has 
been generally assumed that due to the soothing nature of the 
monotony, in situations other than industrial, sleep is suggested, and 
that the individual thus relaxes. 

In some cases, this may be true, but the hypothesis is here ad- 
vanced that the individual in such instances does something, makes 


* This paper is a part of a dissertation submitted by Mr. Lovell to the Graduate School of 
Northwestern University in partial fulfillment of the requirements for the degree of Doctor of 
Philosophy, under the direction of Dr. Morgan. Appreciation is expressed to Doctors R. H. 
Seashore, W. L. Valentine, G. L. Freeman, and L. W. Webb; and to Ruth Wyatt, J. H. Pathman, 
J. W. Harney, and Virginia Lovell. 


435 








436 GEORGE D. LOVELL AND JOHN J. B. MORGAN 


a response to the monotonous stimulation, which helps him to relax, 
if he does so. Bolton (3), Miner (36), and Seashore (40) have indi- 
cated, in their studies on rhythm, that in response to rhythmic 
patterns, such as the beating of a metronome, subjects often moved 
their heads, hands, feet, or eyelids in time with the metronome rate 
(or other rhythmic stimulation). It seemed logical that this response 
aspect should be investigated as well as relaxation, in the present 
study. Hollingworth (26) has reported greater relaxation when sub- 
jects were chewing gum than when they were not. He attributes this 
effect, however, to redintegration of the relaxation at mealtime, an 
assumption which we question, and which we discuss more fully in 
the section on ‘Interpretation.’ In Hollingworth’s study, of course, 
there was no rhythmic stimulation. 

Besides these voluntary, skeletal responses, it seemed logical to 
assume that the regularity of the intermittent, monotonous stimu- 
lation might produce changes in more or less involuntary responses, 
such as respiration and pulse rate. ‘This seemed especially true since 
Kleitman (30) has shown that respiration becomes first irregular and 
then quite regular with drowsiness and sleep. Might it not well be 
that an individual would respond to the regularity of a tone sounded 
intermittently at a rate not far removed from normal respiration rate, 
by breathing in time with the tone rate? If so, he would be that 
much nearer to the breathing characteristic of relaxation. 

It was thus our problem to dévise an experiment which would pro- 
vide evidence as to the behavior exhibited in response to monotonous, 
intermittent, auditory stimulation, with particular regard to checking 
whether a suggestion of relaxation by the repetitive nature of the 
phenomenon were the whole story, or whether the individual might 
make one or more skeletal or involuntary responses which would help 
to discharge surplus energy, regulate physiological process, and thus 
allow him to become relaxed. 

The stimulation used was a regularly recurring tone of 60 cycles, 
sounded both faster and slower than the individual’s normal respira- 
tion rate. Respiration was chosen as a relatively involuntary re- 
sponse which might be made in time with the regularity of the tone. 
In fact, a previous study by the writer had indicated that such would 
be the case, and that the influence of the tone rate in changing normal 
breathing rate in either direction (faster or slower) was about the 
same whether the rate of the sounder was different from the respira- 
tion rate by four, six, eight, or ten units per min. For this reason, 
no attempt was made to have the sounder set at any designated rate 
provided the difference from normal respiration was within the above 
limits. 
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APPARATUS 


A tone was produced by an oscillator which was automatically controlled by a rheostat so 
that the sound gradually came to its full intensity and gradually died out at frequencies ranging 
from 10 to 25 times per min. It was thus a monotonous type of stimulation quite similar to a 
continually recurring muffled foghorn. A record was made on a kymograph each time the sound 
came to full intensity, that is, with each oscillation. Also recorded on the kymograph was time 
in seconds from a pendulum with a mercury contact, as well as respiration records transmitted 
from a pneumograph through a Marey tambour. Photographs of the apparatus appear in 
igs. 1 and 2 and a simplified wiring diagram in Fig. 3. 








Fic. 1 


A modification of Darrow’s Behavior Research Box! was used to measure palmar skin re- 
sistance. A circuit diagram appears in [ig. 4. Cotton uniform in size and smooth in surface, 
soaked in 4 percent zinc sulphate was used against zinc electrodes in rubber cups 1°¢ in. in 
diameter. 

The recording paper used on the kymograph drum was TELEDELTOS, developed by 
Western Union Co. It is so treated that a distinct marking is obtained with 110 volts A.C. or 
D.C. applied through a resistance of 6,000, to 10,000 ohms. One lead is attached to the recording 
stylus, and the other to the metal kymograph drum on which the paper is placed, thus completing 
the circuit as the current passes through the paper. 

In the present experiment, the stylus of the tambour marked continuously; the stylus con- 
nected with the timer made a mark only when the pendulum made contact with the mercury 
and the stylus from the sounder left a record only when the switch was closed synchronously with 
the making of the sound. No noise due to a spark was made by the stylus as it made 
with the paper, and the motor which drove the kymograph and the one which regulated the 


1 "The resistance box was designed by Mr. Emil Ranseen. 
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Fic. 3. Simplified wiring diagram of sounder and recording apparatus. 4d—Kymograph; 
B—Pendulum timer; C—Sounder (oscillator); D—Switch, which when closed, recorded the sound 
period on the kymograph; E—Shaft connecting motor with rheostat; F—Knife switchpanel; 
G—Marey tambour. 
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eostat speed were adequately soundproofed. The resistance box was not connected with the 
ymograph, but readings were taken at two minute intervals. 

The experimental room was kept at a constant subdued illumination by a Lumiline lamp 
laced behind the S) which served also to reflect from a copper screen window making a one way 
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lic. 4 


vision window in the partition between the S and £. The room was not soundproofed, but ex- 
traneous noises were at a minimum. Ss were seated in a Morris chair, which allowed them to 
be comfortable, but did not afford the added suggestion of sleep itself that a cot or bed would 
have done. 


DEsIGN OF EXPERIMENT 


Thirty-four male students of Northwestern University served as Ss. ‘They were divided 
into three groups: (1) an experimental group of 12 Ss which had definite instructions to relax, 
2) an experimental group of 12 which had no such instructions, and (3) a control group of Io. 

For the experimental groups the experiment was divided into two main sections, one follow- 
ing the other immediately: (1) a section in which there was a basal of 10-15 min. followed by 
sound stimulation of 10 min. at a rate either faster or slower than the respiration rate; and (2) 
a section in which there was a basal of 10 min. followed by sound stimulation of 10 min. which 
was either slower or faster than the respiration rate depending on the sounder rate during the 
first section, the rate being different in the second section from the first. A counterbalanced 
order was used in deciding what the stimulation for each subject should be during the first section, 
The control group sat for a 10 min. period following a basal, in which there was no stimulation, 
which compared with the 10 minutes of sound stimulation which the experimental groups re- 
ceived after each basal. Respiration, palmar skin resistance, and pulse (at the beginning and 
end of each section) records were taken for all groups. 

The first experimental group (12 Ss) was given instructions to relax; they emphasized mus- 
cular relaxation and were included in order to check the effect of suggestion of relaxation as well 
as monotonous stimulation on general muscular activity. The instructions given the other 
experimental group included no suggestion of relaxation, merely a reassurance of the S of the 
harmlessness of the experiment and a statement that sound stimulation would occur. In a sub 
livision of the experimental groups, one-half heard the sounder at a rate faster than their breath- 
ing rates during the first period of sound stimulation, and one-half heard the slower rate first. 
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‘The total time for the experiment was 40 to 50 minutes depending on the time required to obtai: 
the first basal readings. ‘The one-way vision window made it possible for £ to observe the S 
unobtrusively for any overt motor accompaniments to the regularity of the sound. A preliminar: 
study had revealed the more pertinent movements to be watched for, and a special place wa 
provided to record them on the data sheets. Any other movements were also recorded and th: 
time of their occurrence noted. Immediately following the experimental procedure, Ss filled i: 
the answers to the questionnaire designed to determine in some measure their emotional and men 
tal states during the experiment, and their sleep habits. 

‘There were four combinations possible for an S: (1) Instructions to relax with sounder set 
faster during the first period of sound; (2) no instructions with the sounder set slower during the 
first period; (3) no instructions with the sounder set faster during the first period; and (4) in- 
structions to relax with the sounder set slower during the first period. 

With the experimental groups there were thus three main variables which were under the 
control of the experimenter: (1) rate of the sounder, (2) instructions, and (3) order of presentation 
of the rates of the sounder, since each subject heard the sound at one time faster and at another 
time slower than his breathing rate. 

The experimental situation was so designed that Fisher’s technique of analysis of variance 
could be applied to test the significance of these three variables in influencing (a) respiration rate 
(4) palmar skin resistance, and (c) pulse rate. A basal respiration and palmar skin resistance of 
10 min. was taken before each period of sound; a stable resistance level ? for at least 4 to 6 min. 
was considered basal for palmar skin resistance. Ss had been seated quietly for at least § min. 
before even the basal readings were begun. ‘This study emphasizes the need for obtaining basa! 
resistance levels before allowing the S to receive experimental stimulation. Dodge (14) pointed 
out this necessity when he spoke of the absurdity of the assumption that new stimulation adds 
its own energy without reference to the background. Freeman (22) has also urged the necessit\ 
of attaining such a basal. Had Ss not reached such a basal resting level before being subjected 
to the sound stimulation, there would have been no assurance that increases in resistance were not 
merely a part of the individual’s coming to a basal resting level of bodily activity rather than his 
relaxing further than this point. 

A second precaution was the use of the control group. The control group was subjected 
to no sound stimulation, but to a period of quiet after a basal had been obtained, which corre- 
sponded in length to the period during which the experimental groups heard the sound. This 
procedure was followed to make certain that any changes noted in the experimental groups were 
not a result of the Ss’ sitting quietly for a period of time. 

It was not possible to control such factors as the amount of sleep Ss had had the previous 
night, what they thought about during the experiment, and their emotional states at the time of 
the experiment. For this reason they were asked to answer a questionnaire relating to such 
matters. Answers to these questions were of added value since no experimental ‘set’ was super- 
imposed on the group of Ss who had no instructions to relax. Rather, with all Ss, in fact, we 
desired to determine the effect of the sounder under ‘ordinary’ conditions, not under condition 
which would be any more artificial than the laboratory itself. Only assurances as to the harm- 
lessness of the apparatus and experiment were given. ‘Then the attitude of the S during the 
experiment was arrived at through the use of the questionnaire. This questionnaire was als 
useful in determining whether the Ss had imposed a ‘set’ on themselves which might have in- 
terfered with their responses to the sound stimulation. Baker (1) has shown that Ss often bring 
their own attitudes or ‘sets’ with them, which may influence the results of the experiment unles 
another is superimposed by £. 


‘TREATMENT OF DATA 


‘There were four main methods of treating results. First, the significance of the rates of t! 
sounder was determined by an analysis of variance between scores on respiration rates afte: 
faster and slower rates of the sounder, and for scores in log conductance? at the ends of eac 
sound period. Both inspection of the data and the determination of a ¢ revealed that no suc 
analysis was necessary for pulse rate, there being no significant change. This technique for d 


2 By stable is meant no change greater than 500 ohms. 
3 Log conductance is the logarithm of the palmar conductance in micromhos, multiplied | 
Reasons for using this measure are discussed later. 
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termining the significance of a variable in producing differences is valuable in several ways: 
(a) It makes possible the testing of the significance of a difference in terms of the probability that 
this difference would or would not have arisen by chance; () several variables may be manipulated 
in the same experiment; (c) it gives an indication of the interaction of these variables in producing 
the variance; and (d) the variance not accounted for by these variables may be estimated. A 
more complete discussion of this technique may be found in Snedecor (41) or Lindquist (34). 

The second treatment of the data was concerned with determining whether or not the condi- 
tion of the subject was different during a quiet period from that during a period of sound stimula- 
tion. Measures of micromhos conductance and respiration rate during a basal resting level 
and at the end of a period of sound stimulation were contrasted to determine the significance of 
these differences. Fisher’s t distribution (34), similar to a critical ratio, was used to test for 
this significance in terms of chances that the observed differences would have arisen by chance. 
Thus the criterion of relaxation was a significant rise in palmar skin resistance beyond the basal 
resting level; actually, scores in statistical analyses were in terms of log conductance. It should 
be noted that this is not used as a criterion of sleep, but of muscular relaxation. While Richter 
(38) states that palmar skin resistance is a gross measure of depth of sleep, both Landis (32, 33) 
and Wenger and Irwin (45) have shown that it is much more accurate to say that it measures 
muscular relaxation. Darrow (10) and Freeman (20) also corroborate the use of palmar skin 
resistance as a measure of general bodily activity and go so far as to suggest that it is the best 
single indicator available for such a measure, being superior to such measures as blood pressure 
and action potentials, and being highly correlated with basal metabolic rate at basal levels. 

The use of log conductance rather than resistance scores or micromhos deserves a word of 
justification. Wenger and Irwin (45) and Darrow (6, 8) have indicated that either z scores, 
percent change, or log conductance is a better representation than resistance or conductance 
scores as a measure of galvanic activity when changes from one level to another are being studied. 
As evidence for the above statement, they have shown that a change from 9,000 ohms to 10,000 
ohms is equivalent to a change from 90,000 to 100,000 ohms. In other words, such translation 
of resistance into log conductance makes the relationship between galvanic activity and resistance 
readings a more nearly linear one. In the present study, micromhos conductance was also used 
as a check on log conductance with very similar statistical results since the range of observed re- 
sistance readings was relatively narrow. 

The third method of treating the data consisted in drawing curves of the course of the log 
conductance during both basals and both periods of sound for each S. Four curves were drawn 
on the same axes for each S so that basals could be compared with each period of sound. 

The final treatment of data consisted of analyses of the questionnaires, of the overt move- 
ments, and of the comments of the Ss. These reports were valuable both for their own sakes and 
in relation to the respiration and relaxation records of these same Ss. 


RESULTS 


Control Group (Tables I and II).—The to controls showed very 
little variation in breathing rate and maintained a basal resting level 
in log conductance for the entire period. In neither case was the 
‘t’ significant of a difference between the basal and quiet periods for 
either respiration rate or log conductance scores. 


TABLE I 


DIFFERENCE BETWEEN BASAL RESPIRATION RATE PER MIN. AND RaTeE AT ENp oF 
10 Min. Quiet Periop (Controt Group) 








Variables Mean Diff. > dev.? d.f. {* 





Basal~Quiet........... 9 1.428 


2 
. 
— 
O 





* With 9 degrees of freedom a ¢ of 3.25 is significant at the 1 percent level; a ¢ of 1.383 is 
significant at the 20 percent level. 
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TABLE II 


DIFFERENCE BETWEEN BasaL Loc ConpucTANCE AND LoG CONDUCTANCE AT 


Variables Mean Diff. > dev.” at. {* 


Sasal—Quiet.. Pieciacd — .13 2.6410 9 wand 


* With 9 degrees of freedom a t of +3.25 is significant at the 1 percent level; a ¢ of 41.383 
is significant at the 20 percent level. 


Analysis of Variance of Respiration Rate (Table III).—This 
analysis reveals that the rate of the sounder definitely influenced the 
respiration rate of the Ss. In most cases it tended to be faster when 
the sounder rate was faster than normal and slower when the sounder 


TABLE III 


ANALYSIS OF VARIANCE—RESPIRATION RATE PER MIIN. 

















Source , Sum of Squares d.f.* | Variance | F* 
Rate of sounder A 23.80 | I 23.80 | 4.55 
Interactions AB 2.13 I | 2.13 41 
AC 12.81 | I 12.81 | 2.44 
ABC 5:93 | I 5-93 1.13 
Paired score discrepancy 104.51 | 20 5.23 | 
instructions B 6.20 | I 6.20 | 48 
Order of presentation C 6.60 | I | 6.60 51 
Interaction BC 1.96 | I | 1.96 5 
Ind. diff. discrepancy 257.55 | 20 | 12.88 | 
Total 421.48 47 














* With 1 and 20 degrees of freedom an F of 4.38 is significant at the 5 percent level. An F 
this large would occur by chance only 5 times in 100, and would indicate that there is a significant 
difference between the two conditions of the variable under consideration in affecting the scores 
involved; in this case between a faster and slower rate of the sounder in affecting respiration scores. 





rate was slower. A difference as large as this one would arise by 
chance only five times in one hundred. Neither instructions nor 
order of presentation seemed to have any effect. 

Significance of the Sound Rate in Affecting Respiration Rate 
(Table IV).—There appears to be a significant difference between 


TABLE IV 


DIFFERENCE BETWEEN BASAL RESPIRATION RATE PER MIN. AND 




















Mean Diff. > dev.? d.f. 


3- 
2. 


Variables 








Faster—basal.......... QI 73-25 | { | 2.52 
Basal—slower..........| 1.14 62.13 | 23 | 3.45 








* With 23 degrees of freedom a ¢ of 2.807 is significant at the 1 percent level; a ¢ of 2.50 is 
significant at the 2 percent level. 
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respiration rate at the end of a period of sound and at the end of a 
basal resting period; this difference is in the direction of the rate of 
the sounder. This comparison is important in showing that not only 
are faster and slower rates clearly differentiated from each other, 
but also that faster and slower are each distinguished from a basal 
period. 

Significance of the Sound in Producing Tendency toward Relaxation 
(Table V).—As can be seen from Table V, there is a significant 


TABLE V 


DIFFERENCE BETWEEN Basa. Loc ConpucTANCE AND Loc ConpUCTANCE 
AT Fnp oF Sounp PERIOD 











Variables | Mean Diff. | > dev.? d.f (* 
Basal—faster......... 7 7.2 | 1485.97 | 23 4.39 
Basal—slower......... | 6.3 944.89 | 23 4.81 





* With 23 degrees of freedom a ¢ of 2.807 is significant at the 1 percent level. 


difference between the basal log conductance level as maintained for 
at least 4 to 6 min. and the final log conductance level during a period 
of sound, whether the rate of sounder was faster or slower than the 
breathing rate. The difference is consistently toward relaxation. 
This finding clearly indicates the influence of the sound in effecting 
relaxation over a basal resting level. 

Analysis of Variance of Log Conductance (Table VI).—In this 
analysis, as might have been expected, the rate of the sounder was 
shown to have no effect on relaxation as measured by a drop in palmar 
conductance. The important thing was for the sounder to be oper- 
ating; whether it was faster or slower than respiration rate made no 


TABLE VI 


ANALYSIS OF VARIANCE—LOG CONDUCTANCE 


| | | 
| Cc , . i ~ 
Source | Sum of Squares | d.f.* | Variance | Fe 




















| | | 
| Gigaset akaiameteidianans 
Rate of sounder A 43 I 43 - 
Interactions: A 3.05 I 3.05 | — 
AC 75.26 I 75.26 | 3.81 
ABC 2.21 I 2.21 | — 
Paired score discrepancy 394.25 20 19.74 | 
Instructions B 51.88 I 51.88 | - 
Order of presentation * 1,760.55 I 1,760.55 | ~- 
Interaction BC 93.80 | 1 93.80 | _ 
Ind. diff. discrepancy 25,711.56 | 20 | 1,285.78 | 
Total 28,092.99 | 47 | | 








* With 1 and 20 degrees of freedom an F of 4.38 is significant at the § percent level. The 
two conditions of each of these variables proved insignificant in differentiating themselves in 
terms of log conductance scores. (See footnote to Table III.) 
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MINUTES 


Typical relaxation curve. 


















Fic. 5. 


Fics. 5-8. B-F—Basal before a faster sounder rate; B-S—Basal before a slower sounder 
rate; F—log conductance during a faster sounder period; and S—log conductance during a slower 
sounder period. 


difference. Of course, it is conceivable that a very slow or a very fast 
sound rate might yield differing results from the ones obtained with 
a rate having a range of 10-25 times per min. Instructions and order 
of presentation also had no appreciable effect on the relaxation 
process. It is possible that the effect of the instructions to relax 
was masked by the influence of the monotony of the sound. This 
seems to be a factor worth checking. 
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Pulse Rate Made Little Consistent Change in Any Direction.—In 
fact, there was little change in pulse rate at all except a tendency 
in a few cases, not significant statistically, to be lower at the end of 
the experiment than at the beginning. This may be due to the fact 
that the rate of the sounder never exceeded 25 sounds per min., and 


pulse count could not approach this low rate. 
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Fic. 7. 


Infrequently occurring relaxation curve. 
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Fic. 8. Tension curve (2 Ss). 


The Curves Make Clear that there are Some Individual Differences 
in Response to the Sounder.—Some Ss reach a basal quickly and also 
show a steady drop in palmar conductance and log conductance 
during the periods of sound (Figs. 5 and 6). Others show an irregular 
response to the sound in terms of conductance with a final drop below 
the basal; this group was much smaller than the first (Fig. 7). Still 
others, only two, show an increase in conductance (tension) toward 
the end of the sound periods (Fig. 8). Not shown by the curves is 
the fact that 9 out of 24 Ss actually fell asleep during one of the 10 min. 
sound periods, some in the first and some in the second. 

The Questionnaires Aid in Interpreting the Objective Data (Table 
VII).—That the sound would affect different individuals in different 
ways is to be expected. The high consistency obtained is the more 
surprising. All but three Ss noted a feeling of drowsiness during the 
period of sound. Only two were annoyed by the sound, and one 
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could not relax because he was comparing it to some tones he had 
heard in an experiment on pitch training. One person who tried to 
stay awake showed definite relaxation, nevertheless. Other responses 
may be seen in Table VII. 


TABLE VII 


ANSWERS TO QUESTIONNAIRE EXPERIMENTAL Group N-24 











Question Yes No 
Tension. FO ee ee, ee 20 
Drowsy. . aaa alah ik ie keia aa ale Pe 3 
Annoyed by sound.. FEES A 22 
Soothed by sound.. ae 10 
Aware oe ga body movement.............10 14 
Counted to self.. 1 A aera 18 
Aware of change in . respiration . eo 7 
Aware of respiration following sound. 6 asa 10 
Apprehensive. . Ate tie APR MRE 12 
Anything on mind. . cake comes tede ave ce 11 
Emotionally upset or ‘worried................0.. I 23 
Difficulty in sleeping. . 4 20 
Insomnia. ; Sn Ee Le eee ee 22 
Night terrors...............cccccveeeecseesese O 23 
Sleep walking... O 23 
Sleep ritual........ 2 22 





* Six of the 12 reported only idle day-dreaming. Most subjects had their usual amount of 
sleep on the preceding night. Seven subjects suggested a change in pitch of the sounder. Five 
thought it would be more pleasant if lower; two preferred it higher. 


Overt and Implicit Movements (Table VIII).—One of the most 
interesting results of this study is at least partial confirmation that 
a response is made to the sound which aids in the final relaxation. 


TABLE VIII 


MoveMEeNTs Mave 1n TIME TO THE SOUNDER EXPERIMENTAL Group N-24 








Movement No. 
Observed 





Foot tapping. . heen ate he ees 
Slight fist clenching.............. 00. 
Eyelid blinking. . 

Head bobbing. . 

Counting. . 

Finger tapping. ere 
Imitating sound in a . whisper. . 
Breathing. . 


AXAw WwW 
' 


te 
_ 
o 





* In three others there were slight breathing changes which might have become more pro- 
nounced if the sound stimulation had been continued. 


The breathing of nearly all the Ss was one response which was 
affected. In addition, a majority (17) made other muscular move- 
ments in time with the sound. In such responses as slowly closing 
and opening the hand (which affected the exact but not the relative 


448 GEORGE D. LOVELL AND JOHN J. B. MORGAN 


galvanic reading) and bobbing the head, these movements were 
clearly observable to £. In other cases Ss reported counting to 
themselves, whispering along with the sound as it occurred, etc. 
These responses tend to take the effect of this type of monotonous 
stimulation out of the realm of pure suggestion, although in certain 
instances where a sound has a particular meaning, suggestion might 
play a part. 


INTERPRETATION 


In general, it may be said that the response to the monotonous 
stimulation of the sounder at a rate of from 10-25 times per min. is 
usually one of relaxation toward sleep. Individual differences do 
appear, and the problem is not such a simple one that we can definitely 
say that the sounder produces relaxation. The large discrepancy 
variances in Table VI, estimates of uncontrolled factors, corroborate 
this assumption. Changes in respiration rate toward regularity and 
toward the rate of the sounder are also concomitant with the monoto- 
nous stimulation of the sounder, but again we cannot make the 
assumption that the changes in the breathing cause the relaxation, 
even though it has been shown by Kleitman (30) that regularity of 
breathing usually accompanies relaxation. All that can be concluded 
at this point in our research is that monotonous sound stimulation 
is usually followed by relaxation, that respiration rate is one of 
possibly many physiological responses affected by the stimulation, 
and that this response probably aids in the relaxation. 

One important assumption derived from the above results is that 
the relaxing process is aided if some avenue of discharging surplus 
energy is provided, and if physiological processes are aided in their 
regularity. It is further indicated that breathing is not the only 
response which may be made which aids in relaxation. Other small 
responses seem to do the same thing. Hollingworth (26) has recently 
shown that chewing gum is a response which aids relaxation. Several 
of our Ss made slight muscular movements in time with the sound as 
indicated in the results. 

All of these movements and responses are small and not gross 
enough to mobilize energy. Rather, the hypothesis is here advanced 
that they discharge any residual or surplus tension in the body and 
thus speed up relaxation. ‘This theory is in line with Freeman’s (18) 
interpretation of Hollingworth’s results on chewing gum, although 
Hollingworth (26) attributes the relaxation to a redintegration of the 
relaxation at mealtime (which may or may not prevail, as Freeman 
points out). In the present study the possibility of the redintegra- 
tion of relaxation of sitting quietly seems largely ruled out by the 
control group who did not relax beyond a basal as the experimental 
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groups did. Of course, if there were some conflict such as a serious 
problem present in the individual’s thinking so that a great amount 
of tension were present, these minute responses might not be sufficient 
to discharge such a large amount of mobilized energy and tension, 
unless the presence of the monotonous sound could divert the 
attention of the individual away from his problem sufficiently to help 
discharge the tension in that way. Nevertheless, that a response is 
made to the sound and that Ss relax under such conditions are 
verified by the present experiment. 

Our original questions have received some answers. ‘The reac- 
tion of adults to the sounder was found similar to that of children 
in that both groups relaxed. ‘There were individual reactions to the 
sounder which were in some respects narrow and in some respects 
broad. The nature and patterns of these reactions have been indi- 
cated. So also have the physiological and motor accompaniments 
been measured. And finally, it has been noted that, while in some 
situations suggestion may play a small part in effecting relaxation to 
monotonous stimulation, there is more evidence that in this case a 
response was made to the sounder, which was important in the 
relaxation. | 

It is quite probable that if suggestion involves making the con- 
ditions proper for the occurrence of a desired event, then suggestion 
has played an important part in this study. That is, if the sounder 
can be said to have influenced breathing and other physiological and 
motor processes in such a way that they assumed the condition in 
which they are usually found in relaxation, then the sounder may have 
been a suggestive device. But in the sense of suggesting relaxation 
through association with other monotonous situations, the sounder 
probably did not involve any great amount of suggestion. 


SUMMARY AND CONCLUSIONS 


An experiment was devised to determine in part the behavior dis- 
played by human Ss in response to a regularly recurring tone of 60 
cycles per sec. in frequency, with particular reference to degree of 
relaxation to such monotonous stimulation and to any physiological 
and motor accompaniments in time with the regularity of the tone 
rate. ‘The tone rate was set both faster and slower than the normal 
respiration rate of each S and changes in his breathing were recorded, 
as he sat quietly in a Morris chair for 40 min. Pulse rate was also 
recorded as a second physiological response which might be affected 
by the rate of the tone. A statistically significant rise in palmar skin 
resistance (in terms of log conductance scores) beyond a basal 
resting level was the criterion for relaxation. Ss were observed by 
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£ for any overt motor accompaniments to the sounder, and each filled 
out a questionnaire relating to his attitude during the experiment and 
to his relaxation habits. 

The results indicate the following conclusions: 


1. The respiration rate of the Ss approximates that of the sounder, 
whether it is faster or slower than the normal respiration rate, and 
breathing becomes rather regular in response to this regularly re- 
curring monotonous auditory stimulation. 

2. Ss relax significantly during a period of such stimulation 
whether the rate is faster or slower than normal respiration rate 
(a control group who heard no sound did not relax beyond a basal 
resting level during a period of similar length). 

3. Since the group which had definite instructions and suggestions 
to relax did not show any difference in relaxation from the group 
which had no such instructions, suggestion is regarded as having 
little effect. 

4. Since respiration changes were noted in all Ss, and motor 
accompaniments to the regularity of the sound, such as counting, 
moving a hand or foot, bobbing the head, etc., were observed in 
most Ss, the inference is drawn that such responses aid in the re- 
laxation that was observed. | 

5. It is proposed that these motor responses help to discharge 
surplus energy or tension in the body and thus allow a greater degree 
of relaxation than would otherwise be attained. 


(Manuscript received November 17, 1941) 
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THE PATTERN OF RESPONSE IN A TENDON REFLEX 


BY R. C. DAVIS 


Indiana University 


In the study of patterns of muscular activity during various 
kinds of general response the pattern of spread in a simple reflex 
may constitute a sort of reference point for the comparison. Re- 
flexes are, of course, commonly thought to be more strictly local in 
their action than other responses; in fact this characteristic is some- 
times taken as the distinguishing feature of the class of action called 
reflex. 

It is also well known, however, that the apparently local character 
of reflexes is not necessarily absolute. "The phenomenon of irradia- 
tion was given considerable importance in Sherrington’s 1906 (16) 
account of reflex relations in which a set of five principles of irradia- 
tion was formulated to replace Pfluger’s earlier four. ‘Two of these 
are especially important for the present purpose: I. “‘ Broadly speak- 
ing the degree of reflex spinal intimacy between afferent and efferent 
spinal roots varies directly as their spinal proximity,” and IV. “ The 
groups of motor nerve cells contemporaneously discharged by spinal 
reflex action innervate synergic and not antergic muscles.’’ ‘These prin- 
ciples apply primarily, of course, to the spinal dog preparation. The 
first would summarize the observation of Sherrington that with in- 
creasing strength of stimulus there is, progressively, action of the 
stimulated limb, the contralateral limb, the remote ipsilateral and 
finally the remote contralateral. ‘This order of involvement, how- 
ever, is not invariable (p. 165). Principle IV refers to the observa- 
tion of the ‘reflex figure,’ in which the various limbs and joints show 
a definite pattern of flexion and extension rather than a general con- 
traction. ‘The particular pattern found is also subject to some varia- 
tions (p. 162). 

Although these interconnections described by Sherrington were 
observed on the spinal dog there seems to be the implication that 
they are at least subsistent in general for mammals. Wendt (17) 
summarized the evidence for the contralateral spread of the patellar 
tendon reflex in humans. In direct observation or in a mechanical 
record activity in the contralateral leg is found only occasionally in 
the normal individual. In these cases it sometimes appears as ex- 
tension and sometimes as adduction (neither being the exact counter- 
part of the reflex figure of the spinal dog). In pathological cases 
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with certain neural lesions crossed extension and adduction in humans 
are apparently rather common. In the normal case, nevertheless, 
facilitation of a reflex by activity in some other part is well known 
(Wendt, and Misback (15), provide recent demonstrations). Wendt 
concludes on the basis of the facilitation of one patellar reflex by the 
other that there is a latent organization for spread which can be 
brought to a functional level under certain circumstances. 

Foerster (11) presenting a considerable body of observations, 
concludes that there is an important amount of spread of excitation 
to other parts of the body. But P. Hoffman, in his extensive survey 
of the tendon reflexes (13), argues that Foerster is generalizing un- 
justifiably from pathological cases to normals, and Hoffman is very 
strong in his assertion that in the normal individual the tendon re- 
flex is entirely local in character, with no spread of excitation what- 
soever. Pathological cases, he maintains, exhibit a qualitatively 
different phenomenon. MHoffman’s chief evidence comes from a study 
of his associates, Lowenbach and Schneider (14). ‘Their experiment 
consisted in recording from the contralateral leg during the patellar 
reflex with an amplifier and string galvanometer. The sensitivity 
of their apparatus is given as 10 to 30 mm per millivolt. Although 
their report does not show records, measurements, or number of 
cases, they state, “‘even with the highest sensitivity of the apparatus 
a spread of excitation never appears in normal subjects.” From 
their discussion it appears, however, that they did actually record 
some waves from the contralateral member, but interpreted them as 
produced by electrical conduction from the ipsilateral limb through 
the body tissues. Hoffman points out another source of possible 
confusion: that the stimulus may be transmitted mechanically to 
other parts of the body and there excite local reflexes. In view of the 
results and their disputed interpretation, a more thorough investiga- 
tion of reflex spread seems desirable. 

Electrical recording methods seem capable of providing definite 
information. Such methods were accordingly applied in the present 
investigation to the study of responses in all four limbs following 
stimulation of the Achilles tendon in the left leg. 


II. ApPpARATUS 


Two recording channels were used. The amplifiers were of four stages, resistance-capacity 
coupled, with one tube per stage. Coupling condensers were 1 mfd. throughout. Means of con- 
trolling the gain were available. Each amplifier fed into a cathode ray oscillograph, and a moving 
film camera recorded the movement of the oscillograph spots, one coming through a mirror. 


Time and signal indication were provided by small argon bulbs. The amplifiers were tested for 


independence with S in the circuit and found satisfactory. Calibration was accomplished by 
introducing a 100 cycle wave from an oscillator through a General Radio microvolter. For 
reading, records from the camera were projected in a reflectoscope whose beam fell on a mirror 











454 R. C. DAVIS 


across a dark room and back again on a ruled screen just beside the operator of the instrument. 
The most commonly used amplifier gain for recording from remote parts was such as to produce 
a peak of 1/4 inch on the projection screen for a microvolt input. One amplifier was always con- 
nected to the electrode placed on the left (stimulated) leg. The active lead of the second amplifier 
was rotated about the other locations, approximately five reflexes being recorded from each posi- 
tion. The ground lead, common to both amplifiers, was likewise rotated, being in each case 
placed at some distance from the active electrode on the remote limb being recorded so as to 
avoid the electrocardiogram in these critical records. (The cardiogram, therefore, appeared in 
the LL records except when the remote member was isoelectric to LL, as is the case with RL.) 

The ground electrode was a felt pad, 2 X 5 X 1/2 inches, soaked in saline. The active elec- 
trodes were stainless steel disks about 1/4 inch in diameter, held in place by elastic bandages. On 
the legs these were placed on the belly of the calf so as to record chiefly from the gastrocnemius. 
On the arms they were placed on the high point of the dorsal surface of the forearm, recording 
chiefly from the extensor digitalis. 

Slay on a cot on a mattress, ventral side down, with elbows flexed and resting opposite the 
neck, and hands, back up, lying beside or a little above the head. The head was turned to one 
side or the other. The position was fairly comfortable, and fairly good relaxation was secured 
from all Ss with some persuasion. Some Ss tended to go to sleep. Surrounding S and the 
operator of the stimulus mechanism was a shielded booth. 

The stimulus was delivered by means of a weighted pendulum hammer. This was adjusted 
to fall on the Achilles tendon and dropped when the operator released a catch upon receiving 
a signal from the recording room. The blows received by any one S were approximately the 
same, though not necessarily exactly equal to those received by other Ss. 

The releasing of the stimulus required the movement of a long wooden lever which made an 
electrical contact outside the shielded booth and flashed on the argon signal light. This signal 
was useful in reading the records but was not sufficiently exact to serve for the determination of 
latent periods. Measurements of latent periods were made on a special group of eight Ss from 
whom only LL records were taken, the other amplifier being used on a signal system. 


II]. MEASUREMENT TECHNIQUE 


Useful records were obtained from 32 Ss in the main experimental group. Fig. 1 presents 
two samples of reflex records. In these records the two oscillographs were not recording at di- 
rectly opposite points at the same time; hence the oblique lines indicate corresponding moments 
of time. The two records are strikingly different in appearance. About one-third of the records 
obtained were characterized by the large slow waves seen in both lines of the upper record. Ss 
who showed these showed them consistently in all locations of electrodes. In the other records 
they seem to be absent altogether, at least to general inspection. The record shown in the figure 
presents two of these large waves from each electrode location; some records of this type show a 
third following these two. For convenience, this series of large slow waves is here designated 
the A phenomenon. At the end of the first A wave in the LL record in the upper sample and in 
the LL record of the lower sample is seen the expected diphasic spike potential which is typical 
of tendon reflexes. This and any possible counterpart in the lines from remote parts is designated 
the B phenomenon. 

It seemed important to study both these phenomena. A method of measurement for the 
large A waves and for the B spike was apparent. In these cases the height of the first major 
deflection was measured and converted into microvolts. It was necessary to exercise some care 
that corresponding parts of the wave were measured for responses where changed proportions 
give a different appearance. But this technique was adequate for only a portion of the measure- 
ments desired. In not a few cases, to be sure, particularly when the RL was recorded, a small 
spike from the remote member showed a clear correspondence with the B spike from LL. Al- 
though this could have been measured directly, it was thought better to handle it by a technique 
which would also apply to records where its appearance was uncertain because of the masking 
effect of residual tension and experimental artifact. 

The method used required first the division of the reflex record into certain arbitrary sections. 
A line was drawn, as shown in the lower record in Fig. 1, from the beginning of the B wave in 
the LL record through the corresponding point in the other line. Next, a space representing 
the following 1/60 second was laid off on the line representing the action of remote parts. Suc! 
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an interval was designated as number 4. (The length of this interval was decided upon because 
it was observed that when there was a clear spike from, say RL, it fell generally within this in- 
terval and because the second A wave begins a little later than this.) Next, an interval of 2/60 
second was laid off just prior to the onset of the B wave. It is in this interval that the first A 
wave would be expected to occur, if at all. Finally, two intervals of 1/60 second (numbers 2 and 
1) were laid off prior to interval 3. Both, then, would be prior to the delivery of the stimulus 
‘number 2) might overlap the delivery of S in a few cases by a few ms. These last two intervals 
served as bases for the comparison of activity after S was delivered with the amount of residual 
tension having nothing to do with the stimulus. 





Bie Dicivee. 
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Fic. 1. Records of reflex response in stimulated and remote limbs. Upper record shows A 
waves in both locations; lower shows little or no A wave. 


Measurements in these intervals were then made by finding the distance between a line 
tangent to the highest peak and a line tangent to the lowest peak, distances then being converted 
into microvolts. Such measurements were made on intervals 1, 3, 4, and on I and 2 considered 
as asingleinterval. It will be seen, then, that a measure of the B phenomenon in the remote part 
concerned would be given by the subtraction 4 — 1, and a measure of the A phenomenon (first 
phase) would be given by the subtraction 3 — (1 and 2). All records except those showing large 
A waves in the line from remote parts were treated in this manner. 





IV. REsuLTs AND DiIscussiIoN—THE B PHENOMENON 


It is convenient to discuss the A and B phenomena separately, 
considering the B phenomenon first. As indicated above, it was 
necessary to collect data from a special groups of 8 Ss to determine 
the latent time. The average latency for the B phenomenon on LL 
so determined was 30.0 ms., with a range of 24.4-34.2 ms., values 
agreeing quite well with previous results. It will be understood that 
no accurate determination of latency for the B phenomenon in re- 
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mote parts could be made. It may be remarked, however, that 
where there was a clear B peak from the remote part, it came within 
1,60 sec. of the beginning of the corresponding wave from LL. Its 
beginning could not be more than a few milliseconds later than the 
onset of the wave in LL, but it never seems quite coincident. 

From these facts and from the general form of the wave, the B 
phenomenon can safely be identified as the expected reflex response 
to stimulation of the Achilles tendon. The question as to whether 
there is, in general, any B phenomenon in remote parts can best be 
answered by a comparison of the averages of intervals 4 and 1 for 


TABLE I 


Muscutar Activity IN REMOTE Parts BEFORE STIMULATION AT TIME OF REFLEX RESPONSE 
(1n Microvo ts) 























Right Leg | Left Arm | Right Arm 
Interval Interval Interval Interval Interval Interval 

3* I 3* oa > I’ 
Ave 5:97 | 4.01 | 5.01 4.18 5.78 5.22 
N.. | 2 | 2 | 23 23 26 26 
SD. 2 | 95 | 2.3 1.7 2.5 2.6 

. | 

Diff... 1.96 83 .46 
er | 18 82 85 
oODiff. - .48 .28 28 
Diff. 
—, 4.1 | 2.9 1.7 
oDiff. 











* For definition, see text. 


the several electrode locations, using the critical ratio of the differ- 
ences. Such a comparison is shown in Table I. (The units entered 
in the distribution were an average of an S’s response in a given limb.) 

Differences are very small, but show a surprising reliability in 
two members. Even in the third, consistency with the trend may 
permit one to put considerable credence in the existence of a real 
difference. Differences contrary to the general trend of the data 
are small, and occur in only 15 percent of the data as a whole. 

The figures representing the size of the B phenomenon are, of 
course, of differing magnitude for the three remote limbs. ‘The 
reliability of the differences between these magnitudes is shown in 
Table II. Here the previously indicated subtraction (intervals 4-1) 
was performed for each reflex, and the average difference for each 
limb for each S was entered in the distribution table. Of the re- 
sulting inter-limb differences, the two involving RL as one term are 
clearly reliable, whereas there is but a slight presumption of a real 
difference between the two arms. 
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TABLE II 


CoMPARISON OF REFLEX RESPONSES IN REMOTE PARTS 
(ins Microvo.ts) 

















RL LA RA 
ee 1.96 83 46 
ee 2.13 1.57 1.23 
RL-LA RL-RA LA-RA 
re | 1.13 1.50 37 
. er | 43 .19 27 
Pits 2 .46 35 
Diff. 
——. | 2.77 3.25 | 1.05 
oDiff. | 





Table III shows a comparison of the B phenomenon in the remote 
parts with the contemporaneous B phenomenon in LL. It is clear 
that the response of the stimulated member is enormously greater 
than that found anywhere else. There is probably some tendency 
for the phenomenon in the remote limbs to correlate with the size 
of the LL response, although considered one at a time the correla- 
tions show little reliability. 


TABLE III 


CoMPARISON OF REFLEX RESPONSES IN REMOTE AND IMMEDIATE LOCATIONS 














| RL LA | RA 
Ave. Reflex... 00... 0.000000! 1.96 83 | 46 
Corresponding LL Reflex... ... 62. 78.3 | 83.6 
Ave. Reflex as Percent of LL... 3.16 1.06 55 
PRRs 6 6 4 de esc sien ewie 43 | 36 | .28 





These results are in definite contradiction to the statement of 
Lowenbach and Schneider regarding spread. The chief reason for 
the disagreement is the greater sensitivity of the present apparatus 
and the use of a technique of measurement rather than simple in- 
spection. ‘The results cannot be interpreted as electrical spread from 
a single point of excitation because (1) the remote phenomena, when 
large enough to be specifically identified, are not precisely coincident 
with the wave from the stimulated leg, and (2) artificial test waves intro- 
duced on the left leg shows no such spread to other parts. Theoretical 
analysis shows that such an electrical spread would not be expected 
(5). 

The chief characteristics of the phenomenon are that it exists in 
remote parts when recorded electromyographically, and that it fol- 
lows the principle of distance gradient somewhat as set forth in 











458 R. C. DAVIS 


Sherrington’s first rule and as hypothecated by the present writer 
(6) for muscular activity during mental work. In the case of the 
tendon reflex the gradient with distance is extremely steep. Con- 
cerning the nature of the responses in the remote parts—whether 
flexor or extensor—and whether they follow Sherrington’s fourth rule 
little can be said. The electrodes, of course, were all located over 
large extensor muscles, and there is reason to believe that the poten- 
tials recorded arose almost entirely in those muscles. Yet, it would 
be unjustified to conclude that all represent movements of extension. 
It will be recalled that in the usual case the myograph indicates no 
movement, even in the contralateral leg. Probably we should not 
permit such concepts as stationary limb flexion or stationary exten- 
sion. Furthermore, electromyographic work has shown that for 
either type of movement, flexion or extension, both flexors and 
extensors are active. 

Hence, extensor activity by no means signifies an extension move- 
ment. Rather, inasmuch as in the present case often no movement 
has taken place, the presumption probably should be that neither 
flexor nor extensor is predominantly excited, that there exists a state 
such as that at the very beginning of a movement, or in the ‘co- 
contraction’ of ‘tonus’ maintenance (Creed et al., 4, p. 13; Bremer, 
5). The pattern is probably more like the ‘Stutz reflex’ than the 
progression reflex. 

Concerning Hoffman’s theory that remote phenomena are merely 
concomitant reflexes excited by mechanical transmission, the data 
thus far are indeterminate. A comparison of the A and B phenomena 
will throw some light on the question. 


V. ReEsutts AND DiscussiIonN—THE A PHENOMENON 


To investigate the A phenomenon in its first phase the indicated 
subtraction (3—1 and 2) was performed for each reflex and the 
average for each limb for each S obtained. With values so obtained, 
those secured by direct measurement of the large A waves were also 
considered. In sucha total population values indicating the presence 
of the A phenomenon are found in 75 percent of the cases. For 
cases handled by the subtraction method the percentage is 73. Half 
of the reversals occur in LA. Although these percentages are lower 
than corresponding fractions for the B phenomenon, it seems clear 
that the A phenomenon is present in the remote parts at least a 
major portion of the time. 

The average size of the A phenomenon in the subtracted cases 
for all electrode positions is .95 microvolts; for all cases, 5.7 micro- 
volts. Averaging for electrode positions separately gives RL: 1.15, 
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LA: .77, RA: .94, for the subtracted cases, and RL: 5.8, LA: 5.6, RA: 
6.3, for all cases. The variability of the phenomenon is extremely 
large: from something close to zero up to 60 microvolts. It is quite 
evident that no differences between electrode positions (remote parts) 
are at all reliable. When the dozen cases with large A phenomena 
in LL are considered, however, a clear difference appears. For LL 
the average (first A wave) is 33.8, for all remote parts, 14.3. In but 
one case is the remote phenomenon as large as the corresponding 
wave from the stimulated limb. 

Latency of the A phenomenon was studied from records of the 
special group. ‘The average latency for four cases showing decided 
A waves was 5.05, the range being 4.7—-5.0 ms. In a given subject 
there was no variation which could not be ascribed to experimental 
error. The figures apply directly, of course, only to latency in LL. 
A series of records was therefore taken on an S showing good A waves 
in all parts with the camera running at high speed. From these it 
was determined that the beginning of the A wave in the different 
parts of the body was practically coincidental. Occasionally the 
remote part showed a lag of I ms., which is probably within the ex- 
perimental error. 

To investigate a possible relationship between the A and B phe- 
nomena, an average was computed for the B wave in LL in records 
showing a clear A phenomenon, and this was compared with a similar 
average for records without such a clear wave. ‘The figures are 67.6 
microvolts for the first group, 73.3 for the second, indicating no real 
difference. Evidently the A wave is as likely to occur with a small 
reflex as with a large one. 

The A waves in some cases showed a tendency to become smaller 
during the experimental sitting. Adaptation of the phenomenon was 
explored by computing the averages for the first, middle and last 
thirds of the series obtained from each subject during a sitting. 
There are shown in Table IV for various locations, phases and group- 
ings. The figures designated ‘Phase 1’ refer to the A wave which 
appeared before the B spike; those marked ‘Phase 2,’ to the wave 
coming after the true reflex. For purposes of comparison corre- 
sponding figures for the B phenomenon are also given. ‘The A waves 
from LL show adaptation in both phases, the critical ratio between 
the first and last thirds being 2.3 for the first phase, and over 3.0 for 
the second. The slight trend of the B response for the same group 
is not at all reliable, the corresponding critical ratio being only .8, 
and as would be expected, for all cases the B phenomenon shows no 
trend at all. The absence of any adaptation effect in the averages 
for remote parts is puzzling because of the otherwise intimate con- 
nection of the A phenomena from various locations, and because 
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certain of the records show a very distinct diminishing trend. In 
one, for example, the A wave drops from 20 microvolts to 6, and in 
another from 14 to less than 1, and there are no records showing a 
steady increase. It is possible that with more cases, recorded without 
the plan of alternation of electrode locations, there would be found 
some adaptation on the average. 

The possibility of the A wave being artifact was of course con- 
sidered. Such a characteristic as adaptation would argue against 


TABLE IV 


ADAPTATION IN A AND B PHENOMENA 

















First Third Second Third | Last Third 
A Phenomenon* | 
ist Phase 
ee ee 40.5 | 33.0 | 30.8 
2nd Phase | | 
ee eee 28.7 | 22.8 14.3 
1st Phase | 
CCT eee 13.6 | 14.3 15.4 
2nd Phase | | 
DE 6 nteceeadawal 14.4 13.0 12.7 
B Phenomenon | | 
ee rea 68.1 | 66.2 61.0 
ee 66.6 72.9 | 68.8 





* Average for cases showing large A waves. See text for discussion of reliability. 


that explanation. In addition, possible sources of artifact were 
tested. It was found that the A wave could appear when no signal 
circuit was used; hence it could not be a disturbance produced by 
such a circuit. When the stimulus hammer fell upon the bed so as 
to jar the lead wires, no A wave appeared from S._ It seems necessary 
to conclude that the A wave is a bioelectric potential of some sort, 
and is produced by stimulation. 

Clearly it could not be a part of the reflex response, for the most 
rapid reflexes have latent times four or five times as great. It seems 
most probable that this wave (first phase) represents direct excitation 
of the muscles by mechanical (stretch) stimulation. Excitation of 
remote parts could occur simultaneously (or nearly so) because of 
the rapidity with which a mechanical jar would be transmitted 
through the body. As a matter of fact, if an experimenter places 
his hand on, say, the shoulder of S, he can feel a distinct jar when 
the hammer falls against the Achilles tendon. In confirmation of 
this view we have several previous reports of direct as well as reflex 
stimulation of muscle fibers. Hoffman (12), using electrical stimuli, 
noticed the A phenomenon and explained it in the same fashion. 
Alterburger (1) studied the electrogram of response to a stretch stim- 
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ulus, concluding in part, “‘with sudden stretching, not only the 
reflexly conditioned action current, but also a muscular (action cur- 
rent) appears.’” Bouman (2), using electrical stimuli, investigated 
muscles both in situ and in preparation. He found not only a dif- 
ference in chronaxy, depending on whether the muscle were stimu- 
lated directly or through its periterminal network, but also a diference 
in form of response, the response from direct stimulation being de- 
scribed as very slow, and like the waves found in denervated muscle 
or in smooth muscle. This description fits very well the character 
of the A phenomenon of the present study, and the latency of the A 
wave is about what would be expected if it has such an origin. These 
potentials are probably the same as those earlier denoted ‘deforma- 
tion potentials,’ and studied extensively by de Meyer (7, 8, 9, 10). 
De Meyer’s interpretation of these as indicating mere change of 
shape in the muscle rather than muscular response is evidently in- 
correct, inasmuch as electrical stimulation, where there is no passive 
change in muscle shape, also evokes the wave. 

These investigators were working with the response of a muscle 
at the point where the mechanical or electrical stimulus was delivered. 
But it seems almost certain that the remote phenomena have the 
same origin, inasmuch as the waves are practically identical. The 
mechanical vibration could readily be transmitted through the body’s 
structure. 

As for the second, and occasional third, waves of the A phe- 
nomenon, the explanation probably lies in the ‘rebound’ phenomenon 
(Creed et al.). The reflex proper probably produces eventually a 
second stretch of the muscle adequate for local stimulation. For 
the remote parts this second stretch is undoubtedly also produced by 
the violent movement of the foot shaking the rest of the body, since 
the B phenomenon in the remote parts is hardly large enough to 
generate any such consequences. 

If the above explanation is correct, a question arises as to why 
there are such large individual differences in the A phenomenon, and 
why it shows adaptation (at least in the primary locus). ‘The level 
of preéxisting tension might exert an influence upon the phenomenon 
intwo ways. First, it may be supposed that a condition of heightened 
tonus would make the body a better conductor of mechanical shock 
by reducing the cushioning effect of both muscles and joints. In 
the second place, an increased tonus in a muscle would be expected 
to lower its response threshold. A check on tension effect was made 
from the available data. ‘Tension level prior to stimulation is repre- 
sented by the measurement of interval (1 and 2). The average ten- 
sion level found in records requiring the subtraction method was very 
close to § microvolts. Now the A phenomenon for records showing 
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less than that amount of pre-stimulus tension averages .37 micro- 
volts, and for those showing more than that amount, 1.48 microvolts, 
the critical ratio of the difference being 2.1 (N in both distributions 
being 35). Hence there is a fair probability that pre-stimulus ten- 
sion in remote parts at least is a determining factor for the A phe- 
nomenon. Adaptation may be explained as the result of a decline 
in the tension level during the course of an experimental sitting, a 
decline which is in fact quite usual in all such experiments. This 
verification may be taken as added support for the explanation offered 
for the A phenomenon. 


VI. Discussion 


It is interesting to remember the 19th century controversy as to 
whether the tendon jerks were local responses or reflexes through the 
nervous system. Apparently both contentions were correct: the re- 
sponse is local first, then neural, and finally sometimes local again. 

The finding of local stretch effects in remote as well as immediate 
muscles lends, to be sure, some plausibility to Hoffman’s theory that 
remote reflex responses are concomitant phenomena unrelated neu- 
rally to the principal reflex response. For if there is sufficient me- 
chanical jar in remote parts to produce local excitation, this jar or 
stretch might likewise be adequate to excite true myotatic reflexes 
therein. Yet the possibility of intraorganismic connection is not by 
any means eliminated. In fact, a comparison of the A and B phe- 
nomena makes Hoffman’s theory seem rather less satisfactory. The 
most striking porperty of the B phenomenon is its spatial gradient, 
a characteristic not exhibited by the A phenomenon in remote parts, 
and if the excitatory effect of the jar is about equal in the various re- 
mote parts, how can the spatial gradient be explained on the basis 
of a separate excitation hypothesis? A clear decision between the 
two theories must await the devising of another experimental method. 


VII. SUMMARY 


1. Responses of immediate and remote muscles were recorded 
electromyographically during evocation of the Achilles tendon reflex. 

2. Two kinds of response were found in all parts, the true reflex 
spike, and slow waves preceding and following it, the slow waves 
being interpreted as produced by direct mechanical excitation of the 
muscle. 

3. The reflex response occurs at nearly the same time in all parts. 

4. The reflex response shows a steeply declining gradient as one 
moves away from the stimulated member. 

5. It is doubtful whether the remote phenomena can properly be 
described as either flexion or extension. 
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6. There is a transmission of mechanical shock throughout the 


organism when the Achilles tendon is struck. 


7. The direct, non-reflex response of muscles tends to show adap- 


tation, and depends on the pre-stimulus tension level. 


8. The hypothesis of a widespread intra-organismic reflex re- 


sponse pattern is considered probable, although concomitant excita- 
tion of local reflexes is not impossible. 


w 
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THE DELAY-OF-REINFORCEMENT GRADIENT 
IN MAZE LEARNING 


BY JOHN P. SEWARD 


Connecticut College 


Hull (8) proposed his goal gradient hypothesis as one of two basic 
mechanisms underlying maze learning by the rat. The fruitfulness 
of the principle is demonstrated by the many attempts which have 
been made to verify its deductions. The upshot of these experiments 
has been to reveal other mechanisms which in most cases obscure 
the action of the gradient, if such exists. In order to test the accuracy 
of Hull’s deductions for maze learning we must control such factors 
as ‘choice-point expectancy,’ goal orientation, centrifugal swing, and 
entrance gradient (see Buel, 3). The simplest way to do this is to 
study the learning of a single 7-maze. 

On the basis of Yoshioka’s (25) experiment Hull originally gave 
his gradient! a logarithmic form; 1.¢., the excitatory tendency to 
the responses of a series varies inversely as the logarithm of the 
distance (in time or space) from the point of reinforcement. This 
led to the further deduction that the difficulty of a choice point 
(1.e., of discriminating between the true path and the blind) would 
depend on the ratio of the alternative distances to the goal.2 The 
most important implication of this deduction for maze learning was 
the backward elimination of errors. 

As we have seen, attempts to verify the hypothesis through the 
order of error elimination proved unsatisfactory because of the in- 
fluence of other factors. The point of attack of the present experi- 
ment was the prerequisite theorem concerning the dependence of 
learning difficulty on the ratio between alternative paths. Four 
single 7-mazes were used, in which the relative lengths of true path 
to blind were 1:1, 1:4,4:1, and 4:4. If we applied the delay- 
of-reinforcement gradient without qualification, we should predict 
that the order of ease of learning of these mazes would be: 1 : 4, 1:1 
and 4:4, 4:1. As we shall see, a more defensible method would 
place 1:1 ahead of 4:4. Recent development of the hypothesis ° 

1 Hereafter referred to as the delay-of-reinforcement gradient. 

2 More recently Professor Hull has abandoned the logarithmic in favor of an exponential 
equation, as illustrated below. The deduction still holds good approximately within certain 


limits and is here retained for simplicity of exposition. 
3 As contained in Professor Hull’s Memoranda to Psychology 106. 
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makes possible a much more precise comparison between results 
predicted and obtained. The details will be postponed, however, 
until our results have been presented. 


METHOD 


The mazes were elevated, composed of wooden sections 36” long, 114”’ wide, and 30” from 
the floor. Eight sections were placed end-to-end for the longest maze; a single section at right 
angles to the midpoint formed the stem of the 7. The lengths of the arms were varied by remov- 
ing one or both of the sections second from the choice point. Four mazes were thus obtained 
with true path and blind measuring, respectively, 12 and 12 ft (T12F 12), 12 and 3 ft (T12F 3), 3 and 
12 ft (73F 12), and 3 and 3 ft (73F3). To eliminate visual cues the surroundings of the maze were 
made as uniform as possible; the approach faced a bare wall and the other three sides of the 
enclosure were formed by a plain curtain. In addition two curtains were hung parallel with the 
approach, one on each side, crossing the arms 27” from the choice point. The ends of the first 
sections projected through these curtains, in which a 2” vertical slit permitted passage by the rat. 
Just beyond them, on some separate sections used for adaptation, stood two pans of food, one 
on each side, to equalize any possible odor discrepancies. 

51 albino rats were used, of which 48 reached the criterion of mastery. (The results of the 
three extra rats, all in Group 712F 2, will be discussed separately.) They varied in age from 6 
to 12 weeks at the time of the experiment. Of the 12 rats in each group 5 were males and 7 
females, except in Group 712Fj2, with 4 and 8. Litter mates were distributed fairly equitably 
among the groups. 

Before beginning the experiment all rats were given several days of adaptation in which they 
became accustomed to raised pathways, going through curtains, and finding food pellets at the 
ends of straight runs. No animal was started until it had eaten without hesitation on practice 
maze-sections. Needless to say, in preliminary practice the choice point was never encountered 
as such, nor was food ever found on the sections used for learning. 

In the experiment proper the rats were run daily after 1814 to 21% hours of food deprivation. 
Half of the rats of each group were trained to the right, half to the left (with the exception of 712F 12 
in which, through an oversight, the numbers were 7 and 5). The rats were run 8 at a time in 
rotation; that is, the 8 rats, 2 from each group alternating right and left, were given 1 trial each, 
then another in the same order, andsoon. The order of rats was rotated from day today. When 
a rat had reached the criterion of mastery it was replaced by another trained in the same direction. 
With a few unavoidable exceptions these precautions against tracking were the rule. The main 
reason for spacing the single runs was to diminish the tendency to alternation found in pairs of 
massed trials [Dennis (5), Heathers (6)]. The intervals between trials, timed for the first rat 
of each day, varied around a median of 14 minutes; 90 percent of the intervals fell between 10 and 
22 minutes. After the first 6 days and for the remaining “ths of the experiment the number of 
daily trials was increased from § to 6. The criterion of mastery was 9 out of 10 trials without 
errer. An error was recorded when the rat left the choice point in the wrong direction. 

The nature of the problem required a record of the actual distance traversed and time con- 
sumed by each animal between leaving the choice point and reaching food at the end of the true 
path. Distance was measured roughly by marking off and numbering one-foot segments on the 
side of the maze path; time was taken with a stopwatch from the moment of leaving the choice 
point to that of seizing food. Retracing on the entrance path was prevented by moving that 
section away when the rat turned back. 





‘These curtains, introduced as a precaution against visual cues, were probably a mistake, 
since they afforded convenient stopping places and increased the variability of time scores. In 
further work on this problem it would seem better to work with blind rats in an alley maze. 

5 For the first 8 days time was taken from the moment of reaching the choice point. This 
was corrected when I realized that this included the time of V TE and other activity irrelevant to 
the problem. The animals affected were not included in computing the actual times. 
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RESULTS 


Table 1 shows the average number of trials and errors for the 12 
animals of each group before the Io criterion trials. Table 2 shows 
the differences and t-ratios between these averages. Note that in 
the two comparisons in which the length of the true path is constant 
and the blind varied the differences are small and not significant. 
In all four comparisons with length of true path varied, however, 
the differences are large and dependable. 


TABLE 1 


AVERAGE NUMBER OF TRIALS AND FE.RRoRS TO LEARN, NOT INCLUDING CRITERION 





Maze Trials Errors 








in i ach i Se ac ty sok 4.8 
See - 4.0 
SSS ee 14.8 
oe Se 15.8 





TABLE 2 


DirFERENCES AND t-RaTios oF DIFFERENCES BETWEEN AVERAGE TRIALS AND 
Errors To LEARN * 

















Trials | Errors 
Mazes seaeimecnaeneensameaaeaatitemne oie l 
Diff. | t | Diff. | t 

nia _ piesa ddelaamiatmtaiaidatenio - | 

T3F3— T3F 12 3-7 1.34 | 0.8 0.60 
T3F3— Ti2F3 paeacpabahall — 18.0 | 4.7 — 10.0 5.08 
T32F3— Ti2Fi2..... 22... «| — 19.0 3-73 —11.0 4.37 
eee fe — 21.7 | ).22 — 10.8 6.21 
T3F y2- T12F 12. See oe 32.7 | 4.98 —11.8 5-04 
T12F'3— Ti2F\2.........-. —1.0 | 0.18 —1.0 0.36 











* A t of 2.82 would have a probability of .o1 of occurring as a sampling error; a ¢ of 1.32 
would have a probability of .20 (Fisher). 


How do these results compare with those to be expected from the 
delay-of-reinforcement gradient hypothesis? ‘To answer this ques- 
tion we must make use of Hull's integration of the hypothesis into 
his general learning theory.® <A simplified version of his equation for 
the strength of a habit, applicable to the present situation, is 


’ (1) 





in which R is the number of reinforcements and 17 is the product o! 
stimulus trace times a constant. w is given by the equation 
v 


w= cae (2 





€ See, for example, Memorandum to Psychology 106, Mar. 12, 1940. 
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in which 7 is the time interval between response and reinforcement, 
a is a constant, and 2 is the upper limit of ,H, for a given reinforcing 
agent when 7’ = 0. From these two equations, by adopting certain 
arbitrary values, we can compute the hypothetical strength of the 
true-path and of the blind-turning tendency after a given number of 
reinforcements. 

The question arises as to the number of reinforcements to be 
assigned to the true-path tendency. One answer would be to allow 
it only the number of correct responses. But since the true path is 


TABLE 3 


DIFFERENCES BETWEEN TRUE-PATH AND BuiNp Hasit-strenctus (,//,) just BEFORE 
CRITERION TRIALS, AS PREDICTED BY MEANS OF HuLL’s EQuaTIoNs 








| Ti2F 12 


T3F 3 T3F 12 | Tiok 3 





or on | 
ae Blind | Prue | Blind 


Blind Fon Path 


Path Blind 























(T determined by lengths of paths in feet) 













































































T 3 9 3 27 12 18 12 36 
wv 48.77 32.22 48.77 9.29 26.29 17.30 26.29 4.99 
HH, 32.99 13.68 24.61 3-43 25.22 14.15 25.34 4.18 
Drp_p 19.31 21.18 11.07 21.16 
(T determined by actual distances) 

T 3 8.96 3 18.02 12 17.83 12 27.82 
w 48.77 32.31 48.77 17.28 26.29 17.44 26.29 8.78 
sf, 32.99 13.72 24.61 6.38 25.22 14.27 25-34 7.36 

TP-B 19.27 18.23 10.95 17.98 

(T determined by actual times in seconds) 

T 3.29 20.43 3.81 35.56 7.89 | 19.28 5.70 24.40 
w 47.80 14.63 46.12 5.15 34.79 15.84 41.41 11.12 
fl, 32.33 6.21 23.27 1.90 33-37 12.96 39.91 9.32 

TP-B 26.12 21.37 20.41 30.59 

















eventually taken on every trial, whether right or wrong, and since 
there is a strong likelihood that it is reacted to as the same path in 
either case, it seems more plausible to credit it with the total number 
of trials. ‘Though both methods were tried, the latter is the only 
one to be reported here. 

If, following Hull’s practice, we take v at 60, a at .03, and 7 at 
.05, and if, as a first attempt, we assume that 7 is represented by 
the lengths of the maze pathways, we obtain the results shown in 
the top section of Table 3. R for the true-path response was taken 
at the number of trials and for the blind at the number of errors 
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(see Table 1). The test of the theory depends on two further 
assumptions: (1) the strength of the maze habit is equal to the 
strength of the tendency to take the true path minus that of the 
tendency to take the blind; (2) at the point of satisfying a given 
criterion two habits are of equal strength. These assumptions 
enable us to predict that the differences between the alternative 
habit strengths of the four groups should be equal. The differences 
appear in the fourth row of Table 3. Three of the four groups 
approximate equality. Group 7}2./3, however, has accumulated only 
about half of the required difference, indicating that this group 
learned the maze much more quickly than the theory predicts.’ 

Since the discrepancy might be due to the choice of constants, 
I recalculated the values of ,H, with an 7 of .o2. The differences 
came out as follows: 73F3, 11.32; T3F 12, 10.383; TieF3, 10.43; TieF 12, 
16.73. The effect of the change was to bring 72/3 into line but to 
give T12F\2 a 50 percent greater difference in habit strength than 
should have been necessary. Any more changes in 1 above or below 
the values chosen would obviously be useless. 

Instead of juggling constants, it seemed more profitable to ex- 
amine the actual times and distances covered by the rats and to 
substitute these values for 7 in equation (2). A complication ap- 
peared, however, in the many trials in which the animal reversed 
itself more than once. If a rat started down the true path, then 
turned and went down the blind, the trial would count as an error; 
but should the delay of reinforcement apply to the taking of the 
true path or the blind? If this problem had been foreseen all re- 
turns from the true path would have been prevented. As it was, 
only those trials were selected in which not more than one reversal! 
occurred.’ The average distances from choice point to goal for right 
and wrong turns were computed for each rat; in the case of times 
the presence of extreme scores made it advisable to use medians. 
Averaged for each group,’ these values appear as 7 in the second and 
third parts of Table 3, along with the results of substituting them 
in equation (2). (2 = .05 in these computations.) 

The ,H,-differences calculated from actual distances roughly sub- 
stantiate those based on maze length, although it is noteworthy that 
the 12-ft blind was traveled, on the average, only 2/3 and 3/4 of its 


7 Mathematically, 11 is nearly the maximum difference possible for this group, so that 1! 
more were theoretically necessary the maze should be insoluble, that is, in the absence of other 
factors making for learning. But see footnote Io. 

8 I also tried averaging all trials, first assigning all trials with reversals to the blind, then as- 
signing those which started correctly to the true path. Since neither procedure was strictly just'- 
fiable, the results are not presented; suffice it to say that equal differences were not forthcoming. 

® This procedure assumes the same effect of reinforcement as if T had been held constant at 
the average throughout. The data did not warrant a more thorough-going analysis. 
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length. Again we find Group 7i2Fs with not enough superiority of 
the true-path habit to account for its learning. When 7 is deter- 
mined by actual times the results are even less satisfactory. If the 
true-path superiority required to meet the criterion be taken at about 
20, then Groups 73F3 and 7i2F/ 12 have more than necessary; 1.¢., 
they should have learned in fewer trials. The chief discrepancies in 
the table spring from the fact that theoretically maze 7)2F\. should 
have been easier to learn than 7\.F3, whereas actually it was at least 
as difficult. 

Considerable interest attaches to the results of the three rats in 
Group 72F 2. (not included in the above data) which failed to com- 
plete the experiment. It was unexpected that a single 7-maze 
should constitute an apparently insoluble problem for a rat. An 
attempt was therefore made to throw light on the source of difficulty. 
After one female had run 126 trials without apparent progress, her 
six daily spaced trials were followed by a number of massed. On the 
third day she made g correct choices in 10 massed trials. Next day 
she repeated the performance, failing on spaced trials, succeeding on 
massed. ‘The effect of massing was borne out by a male which, after 
84 trials marked by deterioration of performance, satisfied the 
criterion as soon as trials were massed. 

Three possible causes of the superiority of massed trials suggest 
themselves: (1) tracking, (2) perseveration, (3) pre-feeding; 1.¢., the 
food consumed after one trial might function as a pre-feeding for 


the next [Anderson (1), Bruce (2) ]. The third possibility was tested 


by returning the female to the customary box for 3 minutes between 
trials, but just before each trial feeding her a pellet at the end of the 
true path. Her performance immediately dropped to its former low 
level. No test of the other alternatives was attempted, but these 
incidental observations raise a number of problems for investigation. 

A second female, after ror fruitless trials, was shifted to Maze 
T;F3 and trained in the same direction for three days. After errors 
on the first and third trials all responses in the next 15 trials were 
correct. Shifted back to 7T\2.Fi2 for two days, still with the same 
direction, she made only 4 correct responses in 12 trials. To see 
whether an animal which could not solve Maze 7)2F 2 could solve 
T\2F3, the same rat was now trained in the same direction on the 
latter maze. It failed to learn in 48 trials, of which the last 24, 
however, were run in two sessions on the same day. ‘Trials were 
then massed and it took the animal just 4 to reach the criterion. 
Of particular interest is the fact that this rat, after learning the 
correct response on the short maze, failed to carry over this response 
when the maze was again lengthened. ‘This phenomenon, conforming 
as it does to Hull’s prediction (11), needs further investigation. 
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DISCUSSION 


The above analysis has probably convinced the reader, as it 
certainly has the experimenter, of one thing: the difficulty of sub- 
jecting a behavior theory, even as detailed and quantitative as 
Hull’s, to crucial experimental test. Although the present experi- 
ment has not confirmed the theory in all respects, I do not consider 
it decisive. Simple as the experimental conditions were, they should 
be still further simplified; ¢.g., by eliminating cross-curtains, thereby 
removing distractions and reducing the discrepancy between time 
and distance scores, and by preventing reversals. To confirm the 
theory in its present form, however, these precautions would have to 
operate differentially so as to decrease either the predicted difficulty 
of T\.F3 or the actual difficulty of Ti2Fi2. Otherwise some revision 
or supplementation of the theory would be called for.'° 

Meanwhile, leaving aside mathematical details, let us attempt a 
less rigorous application of our findings to current theory. The 
outstanding result of the experiment 15 the greater effectiveness of length 
of true path as compared with length of blind in determining ease of 
learning. Holding true path constant and varying blind resulted in 
small and insignificant differences; varying true path, with or without 
constancy of blind, brought about large differences in trials and 
errors. This does not mean that length of blind is without any 
effect. Differences in difficulty of long and short blinds have been 
reported under other conditions (16, 20,21). Inthe present situation 
the lack of difference is not final. Results on larger groups might 
prove 73F,2. dependably easier than 73F3 and 7\2F3 easier than 
T\2F 2. In that case some such factor as dissimilarity of consequents 
might be postulated as an aid to correct choice. But there can be 
no quarrel with the conclusion that length of blind is much less im- 
portant than length of true path. 

Hull’s theory, with its emphasis on reinforcement, does give 
greater weight to the true path, if we adopt the position that the 
response to it is reinforced on every trial and that to the blind only 
in the case of errors. Aside from Hull’s, the most searching theo- 
retical analysis of maze learning is that of Tolman (18). For him 
the rat learns by building up expectations (hypotheses) of the 
consequences of its acts. It has to learn not only which path leads 

10 Since the above was written Professor Hull kindly let me read chapter X of his forthcoming 
Principles of Behavior. It is perhaps noteworthy that he does not in that chapter attempt to 
account for the elimination of blinds in terms of the delay-of-reinforcement gradient. Moreover, 
in a still later memorandum (Oct. 15, 1941) he speaks of the weakening of blind-entering tenden- 
cies through experimental extinction, a concept which I have heretofore found in his writings 
applied to goal-pointing blinds only (9). Such a factor should materially alter predictions based 


on the delay-of-reinforcement gradient alone. It also points to the basic similarity between the 
single 7-maze and the typical discrimination problem, as developed in the present discussion. 
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to food but which path does not. Although the goal object is of 
first importance in determining performance, in learning it plays at 
best a supplementary role (19). Thus Tolman proposes a law of 
motivation, stating the facilitating effect of a strongly-to-be-got-to- 
or-from significate, with a question mark " (18, p. 386). His law of 
emphasis might be invoked, but he states explicitly that it makes 
no difference whether the emphasizer is ‘good’ or ‘bad’ (p. 387); 
1.€., in a maze, whether food or non-food (cf. p. 145f.). In Tolman’s 
theory, then, while the law of togetherness seems to demand that 
short paths be more easily learned than long ones, there is no very 
certain requirement that this should be more characteristic of true 
paths than blinds. The present experiment seems to me to provide 
evidence that the question mark after the law of motivation will 
eventually be removed. | 

It might be argued that we are dealing here with differences in 
utilization rather than acquisition. That is how Tolman, Honzik, 
and Robinson (20) explained the fact that hungry rats entered a 
short blind more often than a long one but less hungry rats entered 
the long blind more often. In the present study the 7)./'3 group 
may have continued to try the blind longer than they needed simply 
because it was shorter and required less effort. If such were the 
case, lengthening the blind after sufficient practice should cause a 
sharp drop in errors. In view of the many demonstrations of latent 
learning this variation should undoubtedly be tried. 

A somewhat different interpretation is suggested by experiments 
on discrimination. It occurred to me while watching the futile 
efforts of the non-learners in Group 7i2/i2 that they were really 
faced with a problem in discrimination with delayed reward. Riesen 
(17) found his chimpanzees unable to reverse a red-green discrimina- 
tion habit if the reward was delayed more than 4 seconds after the 
lights had disappeared. Animals with stable color discriminations 
developed in a different situation, however, achieved delays of 8 
seconds and longer with little difficulty. ‘To explain this striking 
result Riesen argued that the stimulus chosen had to be represented 
by some discriminatory reaction at the moment of reward (or non- 
reward) if reinforcement (or inhibition) were to be effective. Repre- 
sentation was provided by the differential reactions to the colors 
established in the special training. 

The same argument applies to the rat ina single 7-maze. Stimuli 
distinguishing true path from blind at the choice point must somehow 
be functioning within the organism when the reward is reached. 
If food is reached within a second or two the reverberation of a 
stimulus-trace [Hull (10) ] may be sufficient. If the delay is longer 


In so far as it applies to learning proper as distinct from uwf:lization in performance (19). 
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only two possibilities remain: (1) some external stimulus may occur 
at choice point and again at goal, or continue throughout; (2) some 
differential response by the rat itself, such as turning right or left, 
may somehow remain active until arrival at the goal.’ In the 
present experiment the first alternative was largely ruled out, 
although beyond the cross-curtains incidental visual and visuo- 
spatial cues were available. Let us assume that the second alterna- 
tive was the more important, and let us assume further that a 
well-preserved response trace is more strongly reinforced than a 
weaker one. We are now in a position to conclude that the greater 
difficulty of the 7;, than the 73; mazes was due primarily (aside from 
a possible loss of stimulus trace) to greater dissipation of the differ- 
ential response trace over the longer distance. 

I have purposely described the process in terms of reinforcement 
of the positive reaction rather than inhibition of the negative, 
since learning diffhculty varied so slightly with length of blind. 
Maier (13), using rats on a jumping platform, found the positive 
stimulus card clearly dominant over the negative in determining 
equivalence. If the positive effect was the greater when the negative 
involved a bump and a fall, it should be even more so in a maze, 
in which an error merely means retracing.’ Our results bear this out. 

The view suggested above needs clarification on a number of 
points. For one thing we need to know the relative role of time and 
of intervening activity in response-trace decrement. Meanwhile I 
am unable to strengthen the view with much supporting evidence. 
If time is the primary factor we should predict a considerable loss of 
trace between 3 and 6 seconds (Table 3). Delayed reaction results 
with rats might be expected to throw some light on this, but they 
differ widely according to method (7, 12, 14, 15) and probably do not 
depend on the same mechanism as discrimination with delayed 
reward. ‘That is, in the typical delayed reaction set-up the (spatial) 
cue for the differential reaction is presented simultaneously with a 
reward surrogate, and the question is how long this degree of ‘tem- 
porary reinforcement’ remains effective. In the delayed reward 
experiment, on the other hand, the differential cue and the reward 
are always separated by the interval of delay. In Wolfe’s (24) 
study of delayed reward on a single 7-maze a delay of five seconds 
decreased the correct responses by only 3.5 percent. Clements (4), 
teaching rats a distance discrimination, found that a 30-second delay 
increased the time to learn by only 25 percent. Though comparison 


12Such an after-effect, with its proprioceptive components, is hereafter referred to as a 
response trace. 

13 Unless, indeed, the fall produced a specific disruption. It would be interesting to repeat 
the present experiment with shock at the end of the blind. 
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is difficult, these studies indicate greater resistance to delay than 
ours and raise the question whether differential external cues in the 
delay compartments helped to bridge the gap. It would be profitable 
to repeat them with the delay compartment the same after either 
response. 

Wilson (22, 23) used a 7-maze requiring a delayed response to a 
proprioceptive cue after interpolated distances of 8, 24, and 60 inches. 
The times of delay involved were not measured but were probably 
not of a different order from our own. He reported successful 
learning at the three distances by 100, 60, and 18 percent of the rats, 
respectively. Although he attributed this effect to the quantity of 
interpolated activity, he found its quality even more important, 
any interruption of running causing a marked disturbance. Wilson’s 
study indicates the significance of short time intervals in discrimina- 
tion based on response traces. It suggests further that in delayed 
reward, as in delayed choice, what the animal does in the interim is 
of the utmost importance. 

A word is in order concerning the place of the delay-of-reinforce- 
ment gradient in the present account of maze discrimination. ‘Two 
assumptions are involved: (1) that a reaction to be reinforced must 
be active at the moment of reward, and (2) that the strength of 
reinforcement varies with the degree of that activity. It follows that 
the delay-of-reinforcement gradient is identical with the curve de- 
scribing the loss of ‘trace’ of the response in question. We may see 
here another instance of the close relationship between classical 
(Pavlovian) and instrumental (Thorndikian) conditioning. In the 
former, the dependence of conditioning on the interval between condi- 
tioned and unconditioned stimulus can be plausibly explained as a 
function of the trace of the CS or of a reaction to it. In the latter, 
as illustrated in the present experiment, a similar explanation of the 
delay-of-reinforcement gradient is here proposed. A verification 
would consist of demonstrating, in similar situations, a close parallel 
between the temporal gradients of the two types of conditioning. 


SUMMARY 


A single 7-maze was used to test Hull’s application of the delay- 
of-reinforcement gradient to maze learning. True paths (7) and 
blinds (F) of 3 and 12 feet were paired in all four possible combina- 
tions. 12 rats learned each maze; three others failed on 7T)2F jo. 

Trials and errors varied dependably with length of true path but 
not with length of blind. The results confirmed the significance of 
reinforcement delay but did not conform to the more precise mathe- 
matical requirements of Hull’s theory. 
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Choice point learning is interpreted as a case of discrimination 
with delayed reward, and the implication of this view for the delay- 
of-reinforcement gradient pointed out. 


(Manuscript received October 25, 1941) 
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AN EXPERIMENTAL STUDY OF THE GRADIENT OF 
REINFORCEMENT IN MAZE LEARNING 


BY G. ROBERT GRICE! 


State University of Iowa 


I. INTRODUCTION AND STATEMENT OF THE PROBLEM 


Theories of learning which involve a principle of reinforcement 
must deal with the relationship between the effect of a reinforcing 
state of affairs and its temporal proximity to the event which it 
strengthens. The most complete and specific theoretical treatment 
of this problem has been the so-called goal gradient hypothesis put 
forward by Hull. This hypothesis was proposed to explain several 
different phenomena of maze learning. As originally stated it postu- 
lated “‘that the goal reaction gets conditioned the most strongly to 
the stimuli preceding it, and the other reactions of the behavior se- 
quence get conditioned to their stimuli progressively weaker as they 
grow more remote (in time or space) from the goal reaction”’ (6). 
The theory has been important in stimulating research, and has 
capably integrated a considerable number of phenomena not only of 
maze learning, but also other simple learning situations. 

In the goal gradient hypothesis, or delay of reinforcement gradient 
as he has more recently described it (8), Hull not only assumes such 
a gradient principle but also makes a specific postulate as to its 
mathematical form. ‘The fact of the backward order of elimination 
of blinds in maze learning demanded that the function be a negatively 
accelerated one, the increments of reinforcement decreasing with dis- 
tance from the goal. Haull’s first formulation assumed a logarithmic 
function of this type. Such a function, however, presents certain 
logical difficulties which argue against its accurately representing the 
delay of reinforcement phenomena. In the first place, according to 
it, the increment of reinforcement is infinity at zero delay. Obviously 
an infinite increment of reinforcement is meaningless. In the second 
place, the gradient becomes negative at very large delay values. 
Upon the basis of these difficulties and certain further experimental 
evidence, Hull has recently changed his assumption to that of a nega- 
tively accelerated exponential function (8). This overcomes the 


1 The present experiment constitutes the major part of a thesis for the Master of Arts degree 
at the State University of lowa. The writer is indebted to Prof. Kenneth W. Spence who directed 
the investigation. 
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logical difficulties because such a function has a finite value at zero 
delay and approaches zero at very large delays. 

A number of lines of research have provided evidence relative to 
the goal gradient hypothesis. Although the results of early delay of 
reward studies were inconclusive, the quantitative data from the 
later studies (5, 10, 13) agree rather closely in showing that learning 
decreases with a decelerating rate as a function of increasing delay 
of reward. Hull, in fact, has found that the data of Wolfe (13) fit 
closely an exponential function of this type. Studies of time dis- 
crimination (I, 11) also may be taken as supporting a negatively 
accelerated function, although inconclusive as to its precise mathe- 
matical nature. 

Among the more important phenomena explained by this hy- 
pothesis is the elimination of blind alleys in maze learning and the 
order of their elimination. ‘The backward order commonly found is 
an implication of a negatively accelerated gradient, and Spence (12) 
showed further, that an exponential gradient satisfactorily explained 
certain existing data on the subject. The speed of locomotion gradi- 
ent was originally deduced from the goal gradient hypothesis, but 
subsequent research showed it actually to be a function of numerous 
variables (3, 4, 7, 9). 

Related, also, to this problem of the form of the gradient function 
are the studies involving the learning of a discrimination between 
pathways involving different distances to a goal (2, 14). The results 
of Yoshioka’s experiment (14) have been cited as supporting the 
logarithmic gradient since little difference was found between learning 
in situations involving the same ratio between the paths, but different 
absolute distances. ‘That is, differentiation was apparently made 


upon the basis of relative rather than absolute distance—an implica- 


tion which follows from the logarithmic function. However, since 
only two distances were used with each ratio, and since neither ex- 
tremely short nor extremely long distances were used, the data cannot 
be regarded as satisfactory proof of the logarithmic assumption. 
The present investigation is concerned with certain aspects of the 
gradient of reinforcement hypothesis in situations of the Yoshioka 
type. According to the hypothesis, learning to take the shorter oi 
two paths depends upon the development of a differential response 
tendency in its favor. This differential strength develops because oi! 
the different delays of reinforcement each path involves. That 1s, 
on the assumption that each path will be taken equally often at the 
beginning of training, a differential effect of reinforcement, or habit 
strength, to use a recent term employed by Hull, will be developed in 
favor of the shorter path because this response receives a greater 
increment of habit strength per trial than does the long path. Even- 
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tually this differential habit strength reaches a sufficient magnitude 
to offset all other factors which are operating to favor taking one or 
the other of the paths, and the response thereafter is always to the 
shorter path, or in other words, the animal is said to have learned 


the maze. 


The assumption of a negatively accelerated, decreasing gradient 
of reinforcement effect with increasing distance of the response from 
the goal leads to a further implication. ‘This is that the differential 
habit strength necessary for learning will develop more slowly as the 
lengths of the paths increase, even though the difference in absolute 
length between them remains constant, and hence that learning will 
be slowed up. The first object of the present study was to test this 
implication. ‘To do this a maze was constructed which involved two 
distinct paths, a long one and a short one, each leading to the same 
goal. By adding successive sections to a final path common to both 
the long and short paths, the absolute lengths of both paths could 
be increased by equal amounts, while the absolute difference between 
them remained constant. ‘The second objective of the investigation 
was to test the implications of both the logarithmic and exponential 
gradient functions in order to provide further evidence as to which is 
the better assumption. A third aim was to study the relative im- 
portance of time of delay and length of path as factors governing the 
goal gradient phenomenon in maze learning. 


Il. ExpERIMENTAL PROCEDURE 


A. Apparatus 


The apparatus used in this experiment was a single choice maze with two paths leading to 
a food box. The floor plan and dimensions of the maze are given in Fig. 1. The heavy lines 
indicate the maze as it was set up for a given subject, and the dotted lines indicate how it was 
constructed so that both right and left could be either the long or the short path. ‘This was ac- 
complished by closing off the long alleys by means of sliding doors to form the short side, and 
putting blocks in the short connecting alley on the long side. Under the five different conditions 
of the experiment the food box was placed at the points Goal 1, Goal 2, Goal 3, Goal 4, and Goal 5. 
The lengths of the two paths from choice-point to food box, and the ratio of the long to short 
paths are as follows: 




















Condition | Short Path Long Path Long, Short 
ERR eee 6 feet | 12 feet 2.00 
Ee ee 12 feet 18 feet 1.50 
Pere eee 18 feet 24 feet 1.33 
cy ake eh awake 24 feet 30 feet 1.25 
shtti, hcahledehaaats 30 feet 36 feet 1.20 





It may be seen that there is a constant difference of six feet between the two paths. 
The maze was constructed of unpainted white pine. The alleys were four inches wide, three 
and a half inches high, and were covered with hardware cloth. The alley leading up to the choice- 
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Fic. 1. Ground plan of the experimental maze. The dotted lines indicate how the maze 
was constructed so that either left or right could be the long path. Goal 3, not shown in the 
diagram, was six feet (the constant distance between the goals) from Goal 2 and Goal 4. 


point was made only two inches wide in order to minimize the effect upon the animals’ choices 
of following one wall up to the choice-point. The food box was ten by sixteen inches and five and 
one-half inches deep. Doors to prevent retracing were located eight inches on either side of the 
choice-point, in the alley of the long path six feet from the choice-point, at the entrance to the 
common alley, and at the five points where the food box was placed. These doors were controlled 
by levers operated by the experimenter who stood behind a panel located just to the rear of the 
starting box. Black curtains were located in the alleys eighteen inches from each side of the 
choice-point. The room was lighted by six 150 watt bulbs located symmetrically on either side 
of the mid-line of the maze. 


B. Subjects 


The subjects consisted of 64 albino rats from the colony maintained by the Psychology De- 
partment of the State University of lowa. There were 37 males and 27 females. The animals 
ranged in age from 9 to 14 weeks at the time they entered the experiment. 
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C. Learning Series 


After preliminary training in which the subjects were trained to run a straight alley six feet 
long within ten seconds in three out of four successive trials, the learning series was begun. Four 
runs daily were given each subject in the experimental maze. On the first two trials of each day 
except the first, the animals were forced to go once each way. This was done by placing a block 
in the alley at one side of the choice-point, thus leaving only one path open. ‘The side to which 
the animal was forced first was alternated each day. The last two trials of each day’s training 
were free choice runs. On the first run of an animal on its first day in the maze, both paths were 
made long. The path chosen by the animal then became the long path for that animal for the 
remainder of the experiment. On the second trial the opposite side was made short and the rat 
was forced to take it. Making each rat’s first choice the long path controlled to a certain extent 
the factor of original position preferences. Training was continued until a rat took the shorter 
path to the goal on both of the free trials for three consecutive days. The criterion of a response 
was the passage by the animal of the first retracing door sufficiently far to permit its closure. 

The incentive used in the goal box was a small pellet of the rats’ regular diet (Purina Dog 
Chow) weighing an average of .15 grams. The rats were fed their daily ration, approximately 
six grams of the food, immediately after the experimental period. The experiment was run from 
7:30 to 9:30 in the evenings. 

The choices made and the times from start to goal for all runs, both forced and free, were 
recorded by the experimenter. Retracing, pausing, and vicarious trial and error at the choice- 
point were also noted. 


III. ExrpERIMENTAL RESULTS AND DISCUSSION 
A. Relation of Data to the Goal Gradient Hy pothesis 


The present experiment, it will be recalled, was set up to test the 
implication of Hull’s assumption of a negatively accelerated gradient 
of reinforcement that the addition of the successive six foot sections 
to the final common path of the maze of Fig. 1 would result in an 


TABLE I 


In the first column is shown the number of the maze, and in the second the number of subjects 
run in each group. The third and fourth columns give the mean and median number of errors 
made in each situation, and the fifth and sixth columns show the mean and median numbers of 
trials required to reach the criterion in each situation. 
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| 
Errors Trials 
Goal N | $$$ $$ 
Mean Median | Mean | Median 

I 13 3.1 3.0 12.6 12.0 
II II 3.5 4.0 13.5 12.0 
II] 20 4.05 4.0 16.6 16.0 
IV 10 6.5 5.0 28.4 22.0 
V 10 10.8 8.0 43.6 | 30.0 








increase in the difficulty of learning these patterns. The experi- 
mental results bearing on this problem are given in Table I. Ex- 
amination of these data reveals that the theoretical implication was 
verified. Both the number of trials required to reach the criterion 
and the number of errors increased with each increase in the lengths 
of the two alternative paths. Figure 2, in which the mean number 
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of errors is plotted against the ratio of the long to the short path, 
clearly shows this relationship. ‘The ¢ value for the difference be- 
tween the mean numbers of errors for goals I and V was 3.21. The 
t for goals II and V was 3.11, and for goals III and V was 4.22. 
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Fic. 2. Errors made by the five groups. In this graph the mean number of errors made b} 
each group is plotted against the ratio of the long to the short path. 





These differences are all significant at the one percent level of con- 
fidence. The t of 1.72 for goals I and IV is significant at the ten 
percent level. The other differences were not statistically significant. 


B. Interpretation of the Results in Terms of the Recent Revision 
of the Goal Gradient Hypothesis 


In the course of formulating the basic postulates underlying his 
theoretical system of behavior, Hull has recently revised his earlier 
statement of the goal gradient hypothesis (8).2 A brief account of 


2 The writer wishes to thank Prof. Clark L. Hull of Yale University for access to the unpub- 
lished manuscript of his book, Principles of Behavior, and for permission to use material from it 
in this paper. 
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certain of the principles and concepts of this system is given in order 
to provide a background for understanding his account of how the 
gradient of reinforcement operates. 

Hull’s theoretical formulation of learning represents essentially 
an elaboration and extension of the concepts and principles of ‘Thorn- 
dike. ‘That is, he is primarily a reinforcement or law of effect theo- 
rist, in that he assumes that an association between stimulus pattern 
and response is formed only when the latter takes place in proximity 
to some goal situation (reward, need satisfaction, satisfying state of 
affairs, etc.). His formulation of the general principle of reinforce- 
ment may be stated as follows: when a particular stimulus pattern 
is made to occur in temporal conjunction with a response and this 
coincidence is followed closely by a reinforcing state of affairs (e.g., 
food, water, etc.) there will occur an increment in the magnitude or 
strength of the stimulus-response association. 

In connection with this principle of reinforcement, Hull has in- 
troduced the construct habit or habit strength, which for the sake of 
convenience is represented by the symbols ,//,, where ‘ //’ stands for 
habit, ‘s’ for stimulus, and ‘r’ for reaction. ‘This construct is what 
Tolman would describe as an intervening variable, being introduced 
between the dependent response variable and the independent, ma- 
nipulable, experimental variables. Operationally, it is defined by 
means of four sub-principles of reinforcement, or postulates which 
state assumptions as to how habit strength (,//,) is a function of 
four different experimental variables: (1) number of reinforcements, 
(2) magnitude of the goal or reinforcing agent, (3) time interval be- 
tween onset of conditioned stimulus and response, and (4) time in- 
terval between the reaction and the occurrence of the reinforcement. 

For our present purpose only the first and last of these need be 
considered, as the remaining two variables are constant in the present 
experiment. The first postulate states: other things being equal, 
habit strength (,H,) varies (increases) with the number of repetitions 
of the reinforcement according to the ‘growth’ (exponential) func- 
tion. This postulate may be stated mathematically as follows: 


HH, = W' — W' X 10-*, (1) 


where ‘W’’ is the limit of habit growth with unlimited number of 
trials under the particular reinforcing conditions of the experiment, 
e.g., ‘T’ or ‘L’ = 2 seconds or 10 feet; ‘1’ is a constant which de- 
termines the rate of rise of ,//, to the maximum and is, among other 
things, a function in Hull’s system of the time interval between the 
conditioned stimulus and response, the individual subject, etc.; and 
‘N’ is the number of reinforcements or trials. 
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The postulate with respect to the delay of reinforcement, which 
may be stated with respect to time, or as in the case of the maze 
situation, distance (length), is as follows: other things being equal, 
the limit which the habit strength ,//, approaches with unlimited 
number of reinforcements decreases as a negative ‘decay’ function 
of the delay of reinforcement, 1.¢., the time or distance between the 
stimulus response coincidence and the occurrence of the rewarding 
agent. ‘he mathematical statement is: ) 


W’ = WX 10“, (2) 


where ‘JF is the limit of the habit growth with unlimited trials 
under optimal conditions of reinforcement, t.¢., when ‘ZL’ is zero: 
‘k’ is a constant determining the rate of fall of ‘W’’; and ‘L’ is the 
length of the path to the goal.* These two postulates may be com- 
bined mathematically in the following form: 


Hl, = WX 10 (4 — 10749), (3) 


Habit so defined in Hull’s system is one of the factors determining 
the various measurable aspects of response, ¢.g., latency, frequency, 
amplitude, resistance to extinction, etc. 

Applying these theoretical concepts to the present experimental 
problem, Hull represents the situation at the point of choice leading 
to the two alternative short and long paths as consisting of two com- 


peting response tendencies, the habit strengths of which are built up 


in the learning series. 
ae G 
Seti 
ae! G 


It is assumed that the deciding factor in the choice of the two paths 
is the differential in the habit strengths of the short path response 
and the long path response, which develops from the fact that the 
curve of habit strength of the former rises more rapidly than that of 
the latter. 

If we now assume that the habit strengths of the two responses 
are equal at the beginning of the learning and that other factors 
are such that the subjects would choose each path about equally 
often, the curves of habit growth for the two responses would be as 


follows: 
i, (short) = WX 10o-* (1 — 107*9), (4) 


1, (long) = WX 10-*#4 (1 — 107), (5)* 


3 The writer wishes to thank Prof. Kenneth W. Spence and Dr. Gustav Bergmann for their 
help in the following mathematical derivation of the implications of Hull’s theory. 

4+]. here is taken to represent the distance (length) of the short path from choice-point to 
goal. ‘H’ is the ratio of the long path to the short path. 
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The difference, D,, between the habit strengths of the two re- 
sponses after any number of trials, NV, of each would then be as 
follows: 


D, = WX 10-f8f (1 — 107%) — WX 10-*## (1 — 107*%) 


D, = (WX 10-**§ — WX 10-*8H##) (§ — 10>"), (6) 
Writing Diax. = WX 10-4 — WX 10-8? 
dD, _ |) oe | — 30 *). (6a) 


This indicates that the magnitude of the difference, D,, at any point, 
N, in the training will be a function of the difference between the 
limiting or maximum values of the two habits. ‘The latter, in turn, 
it may be seen upon examination, will vary with the absolute length 
of the paths and the ratio of their lengths. 

By solving equation 6a for N we can obtain an equation which 
states N, the number of trials on each of two paths as a function of 
the other variables. Thus: 


dD, oon Ties 48 — a 


D, 
._ = (1 — 107") 
ie 
—iN on 6. . 
sa | 


. max. Pin 
— 1N = log (- Dd . ) 


N = tiiloe ( —¥ bot = 10) ) 
om eee W (10-*©§ — 10-##4) — YD, J” 7) 
. : (107kL — 10 kHL) 
N = 1/1 log (te — ey Fo (7a) 


where 4 = D,/W. 

In this equation ‘2’ is a learning parameter determining the rate 
of rise of the habit growth to its maximum and as such is regarded 
by Hull as being a function of such factors as individual differences 
in ability and of the time interval between the stimulus and response. 
It is assumed to be constant for the different groups of subjects in 
the present experiment. ‘The parameter ‘k’ is a constant which de- 
termines the rate of fall of the asymptote (limit) of the habit curves 
involving different lengths of delay of reward [see formula (2) ]. 
‘W” is the limit of habit strength at zero delay of the reward. Hull 
has arbitrarily divided the distance O to W into 100 units, or in other 
words has assumed W to be 100. D, is, of course, the difference in 


‘ 


, habit strength at any number of trials, NV. It is assumed there is a 


threshold or minimum habit difference which must be reached before 
one of the responses will be taken consistently over the other. ‘This 
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threshold difference would depend upon the criterion of learning 
adopted, being greater, for example, for consistent (100 percent) 
choice of the shorter path than for less than 100 percent response to 
it. Ifone employs equation 7a, the constants W and D, are replaced 
by the single constant 4 which is defined as D,/W. 

Holding other factors constant then, the implication of Hull’s 
new postulate concerning the gradient of reinforcement with delay 
is that the number of trials to reach the differential threshold neces- 
sary for learning, 1.¢., for consistent choice of the short path, will 
vary not only with the ratio of the lengths of the paths but also with 
variations of the lengths of the paths. This implication differs from 
the implication of his former assumption that the limit of habit 
strength varies as a logarithmic function of delay of reinforcement 
(' = W —kilog Ll). Onthe basis of the latter assumption, it may 
be shown by the above type of reasoning that the equation analogous 
to 7a would be as follows: 


N= 1/1 log (<% ra -) ; 


In this equation it will be noted that Z does not appear and that 
becomes a function of the ratio H.° 

The different implications of these two alternative postulates may 
be shown graphically by plotting the values of N for different lengths 
and ratios as calculated by formula 7. Figure 3 shows how the values 
of N would vary for different values of these two variables on this 
assumption of an exponential gradient of delay. The corresponding 
calculations for the logarithmic gradient (not shown in figure) would 
result in horizontal straight lines for each ratio (H value). ‘That 1s, 
as indicated above, N would not vary with change in the absolute 
lengths of the paths, but only with the ratio. 

One of the best methods of testing which of these two postulates 
or hypotheses is the better would be to work with a maze in which the 
ratio between the paths was kept constant and the lengths of the 
paths were varied. The single study which has done this (14) in- 
volved only two different absolute lengths for any one ratio. The 
data are thus not conclusive, as the lengths happened to be at por- 
tions of the curve where they would be expected to be equal on the 
basis of the exponential function as well as the logarithmic. 

The present experiment was set up prior to Hull’s revision of the 
postulate concerning the nature of the delay of reinforcement gradi- 
ent. An attempt has been made, however, to see how well the 
quantitative results of the experiment would fit these two alternative 
postulates, the logarithmic and exponential. While the procedure 


5‘c’ is a constant depending on the difference threshold of habit strength necessary for 
learning and the rate of fall of the gradient curve. 
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Fic. 3. Graph showing the relation of the data to the revised hypothesis. ‘The family of 
curves in the figure shows the number of trials on each of the two paths that would be required 
for one hundred percent selection of the short path plotted against the length in feet of the short 
path. Each curve represents one of the ratios of the present experiment. These curves are com- 
puted from the constants found for the present data. The points of intersection of these curves 
with the dotted curve cutting across are the theoretical numbers of trials required for learning 
in this experiment. The black circles indicate the empirical data. 


was not such as to force an equal number of trials to each pathway, 
the method of designating the first path chosen by the subject its 
long path had the effect, on the average, of making the initially 
preferred path the longer one. During the early trials a larger pro- 
portion of the trials were thus made to the longer path, but as learn- 
ing proceeded, the shorter path came to be taken the greater number 
of trials. Analysis of the choices of the groups revealed that the two 
paths were chosen, on the average, either an equal number of times 
or very nearly so. The median number of runs to each side for the 
five maze situations are given below: 








Problem 
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A rough test of the two gradient postulates could thus be made by 
ascertaining whether a set of constants could be found which would 
fit the experimental results for all mazes, or to put it in other words, 
an attempt was made to see if the curves of the above equations 
could be fitted to the experimental data. ‘The use of the least squares 
method indicated that the equation involving the logarithmic gradi- 
ent could not be made to fit the data. 

The curve based on the exponential gradient is represented by 
the dotted line cutting across the lines for the various ratios in Fig. 3. 
3y trial and error manipulation of the constants the following equa- 
tion was arrived at which, as may be seen, fits very closely the ex- 
perimental points. 


N = 1, O42 log 


197-012 L 

Possibly a more refined method of curve fitting would provide a 
somewhat better fit, but the data, based on only five points, did not 
seem to warrant such elaborate treatment as would be required. 

The data of this experiment are not regarded by the writer as 
conclusive evidence for the exponential gradient over the logarithmic. 
However, the least that may be said is that the data are in agreement 
with Hull’s revised assumption that the delay gradient is an ex- 
ponential equation. The implication that the study was originally 
designed to test, namely that an addition of an equal length path 
to the original short and long paths would increase the number of 
trials to learn, follows from either form of the gradient. This impli- 
cation may be seen very simply by means of a slightly different form 
of equation 7a: 





N = 1/1 log 





In this formula ‘#/’ equals the ratio long-path/short-path. The 
addition of an equal length to these paths, it will be observed, has 
the effect of reducing H which in turn leads to an increase in the 
value of N. The same implication follows from the analogous equa- 
tion of the logarithmic assumption: 


, ps I 
wit tos (; — a/log i): 


C. The Relative Importance of Time and Distance in Delay of Reward 





One problem which arises in connection with this study is that 
of whether the effects of delay of reinforcement, 1.¢., the retardation 
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of learning, are related to the factor of time per se, or to some other 
variable such as the distance from the critical response to the goal. 
Studies of time discrimination and distance discrimination have 
yielded similar results, but there is little evidence as to the relative 
importance of time and distance. Hull in the original formulation of 
the goal gradient non-comittally used the phrase, ‘in time or space’ 
(6). — 

As pointed out earlier, it was decided that the data of this experi- 
ment could best be dealt with in terms of distance. ‘The time records 
were highly variable, and the performance appeared to be much more 
closely related to distance than to time. For example, Table II 


TABLE II 


In this table are shown data derived from the time records. The median times taken to 
traverse the long and short paths were calculated for each animal. ‘The ratios of the time for 
the short path to the time for the long path were computed for each animal for these values. In 
the third column are the means of these ratios foreach group. In column two are the comparable 
ratios between the distances for each group. 

















Short Distance Short Time 
Group —- — —_——- 
Long Distance Long Time 
eee ee 0.55 
ae es 0.73 
IIS PTET 0.83 
Re 6 eto witerd Sica wshancoy 0.76 
See eee TT eS 0.70 





shows that the average ratios of time on the short path to time on 
the long path bear no consistent relation to the ratios between the 
distances. It was found, moreover, that the rank order correlation 
between the ratios of the short to long times for the five groups and 
the mean number of errors was only 0.10, while the rank order corre- 
lation between the distance ratios and the errors was 1.00. 

Rank order correlations for each groups were also computed be- 
tween the time ratios and errors for each animal. ‘They were as 
follows: Goal 1, 0.17; Goal 2, 0.31; Goal 3, —0.10; Goal 4, 0.41; and 
Goal 5, 0.60. ‘The correlations are not high and the one for Goal 3, 
the group with the largest number of subjects, is actually negative. 

The results, in general, seem to indicate that there is no consistent, 
high relationship between the learning performance of the animal 
and the time differentials between the two paths. On the other hand 
there is a consistent relationship between learning performance and 
distance. These data are not in any way conclusive on this point, 
but they do suggest that, in maze learning at least, the effect of a 
given reinforcement on a response is a function of the amount of 
activity on the part of the animals intervening between the response 
and the reinforcement, rather than the temporal delay per se. Dis- 





488 G. ROBERT GRICE 


tance, of course, is closely related to the amount of activity required 
to reach the goal. 

This finding is somewhat analogous to the results from Thorn- 
dike’s spread of effect studies with human subjects. ‘They indicate 
that the amount of strengthening a response receives as a result of 
spread is largely the function of the number of responses interposed 
between the rewarded response and the one in question. It appears 
that the amount of strengthening is practically unrelated to the 
temporal interval between the two responses. It may be that time 
in delay of reward is important only in so far as it is roughly pro- 
portional to the amount of activity or the number of responses which 
occur between the response to be strengthened and the occurrence 
of the reinforcement. 


IV. SUMMARY AND CONCLUSIONS 


1. Five groups of white rats were run in a maze in which they 
learned to select the shorter of two paths to a goal. The lengths of 
the two paths for the first group were 6 and 12 feet, and successive 
additions of 6 feet were added to both paths for each succeeding group 
by adding to the final common path to the goal. The ratios of the 
long to the short path in the five mazes were 2.00, 1.50, 1.33, 1.25 
and 1.20. 

2. Each addition to the two paths resulted in slower learning as 
measured by the number of errors and the number of trials to reach 
the criterion. This result verifies the deduction from the goal gradi- 
ent hypothesis that equal increases in the lengths of two alternate 
paths to a goal would result in slower learning to select the shorter 
path. 

3. The results were found to be in agreement with the new the- 
oretical formulation of Hull based on the assumption of an exponen- 
tial gradient function. 

4. The learning performances of the animals were more closely 
related to the relative distances of the paths than to the relative 
times taken to run the paths. 


(\Manuscript received November 10, 1941) 
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A STUDY OF AUDITORY ‘BRIGHTNESS’ 


BY ROBERT WARD BURNHAM 


Rutgers University 


The present experiment attempted to demonstrate that bright- 
ness, as a sensory attribute, is specific to the visual sense. Any 
attempt to designate brightness as a property common to all sensory 
modalities is complicated by the fact that some member of any 
sensory dimension, or some member of any range of stimuli within 
a particular sensory dimension, will be chosen as equivalent to, or 
‘most like’ a given stimulus. Such a correlation obviously involves 
a mere comparison of the relative positions of the two stimuli in 
their own particular dimensions. Only in a verbal sense does it give 
evidence for a heteromodal property. 

Hornbostel (2) had concluded, on the basis of his experiments, 
that brightness was a property common to all sensory modalities. 
Cohen (1), however, found that there was a particular stimulus in each 
arbitrarily chosen range of stimuli within a single sensory dimension 
which could be said to be equivalent in brightness to any given 
heteromodal stimulus. ‘The present experiment extended Cohen’s re- 
sults to two sensory dimensions and demonstrated that observers 
correlated both visual hue and visual brightness with auditory pitch. 


In the experiment a series of nine Munsell neutral grays was employed as the brightness- 
stimuli. The grays ranged from black to white in equal steps of brightness. Their Munsell 
designations were respectively, N 1/, N 2/, N 3/, N 4/, N5/, N 6/, N 7/, N 8/, No/. A series 
of Munsell hues, red, orange, yellow, green, blue, and purple, matched for chroma and brightness, 
was used for the hue-stimuli. Their Munsell designations were R 5/6, RYR 5/6, Y 5/6, Gs/6, 

3.5/6, and Ps/6. The stimuli were 114” X 3” rectangular Munsell papers mounted in the 
center of white cards, 5’’ X 7’, with the 3” dimension of each Munsell-paper oriented hor- 
izontally on the 5”’ dimension of the card. 

The method of paired comparisons was used for presenting the cards to the subjects. The 
cards were shown to the subjects side-by-side in every possible combination of pairs. In other 
words, each gray appeared twice with each other gray, and each hue appeared twice with each 
other hue, once to the left of the comparison-hue or gray and once to the right of it. This pro- 
cedure resulted in a total of 102 judgments for each subject. Of these 102 judgments there were 
72 judgments for grays, 1.¢. brightness, and 30 judgments for hue. A prearranged random order 
of presentation was followed and pairs of hues were presented in a chance order between pairs of 
grays. This precaution kept at a minimum any cues as to the purpose of the experiment. The 
cards were arranged on a table behind a screen and were held in pairs over the top of the screen 
by the experimenter for each presentation. Each pair was shown to the subjects for three seconds. 

Twenty-four adult female subjects participated in the first session of the experiment. A low- 
pitched oscillator tone of 150 dv., at an intensity of approximately 70 decibels, was turned on one 
second before each pair of cards was presented. The tone remained on until one second after 
each pair of cards was removed. ‘The same tone was used throughout the first session of the ex- 
periment. Each subject had a response-sheet marked with numbered squares and was instructed 
as follows: 
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“Various pairs of colors are going to be shown to you. As each pair is presented a tone will 
be sounded. You are to decide quickly which of the two colors is most like the tone you hear. 
Write only L or R in each square on the response-sheet. If the color appearing on your left is 
more like the sound you hear, write L in the appropriate square; if the color on your right is more 
like the sound, write R. Do not leave any blanks. Make a judgment on every pair of colors 
presented.” 

A week later the same set of paired colors and grays was presented in the same order to 23 
female subjects. ‘Twenty of these subjects had participated in the first session of the experiment. 
This time a high-pitched tone of 5750 dv. was employed at the same intensity as before, and in 
the same manner. 

The three new subjects, who took part only in the second session of the experiment, showed 
the same trend of response for the high tone of 5750 dv. as the other twenty subjects who had 
previously served in the first session. This fact served as a rough check on the possible shifts 
in judgment which might presumably occur purely as a function of intervening events occurring 
in time. Since the three new subjects showed the same trend of response as the others, their 
judgments were averaged in with those of the other subjects. 

The left and right judgments of the subjects were transformed into color preferences by a 
scoring key made up from the prearranged order of presentation. For purposes of the experiment 
the 72 brightness-judgments per subject were treated separately from the 30 hue-judgments 
per subject. 


The second-last column of Table I shows the results, in terms of 
percentages, obtained for the brightness-dimension. When using a 
low tone of 150 dv. there was a high percentage of 15.0 for the middle- 


TABLE I 


RESULTs FOR BRIGHTNESS DIMENSION 























Visual Stimulus Total No. Judgments Average No. Judgments penne & Seen 

Auditory ) 

——) ~ 150 dv. 5750 dv. 150 dv. 5750 dv. 150 dv. 5750 dv. 
N 1/.. 128 123 5.3 5:3 7-4% 7-4%0 
N 2/.. 181 120 7.5 5.2 10.4% 7.2% 
Ny 9... 219 129 9.1 5.6 12.7% 7.8% 
N 4/.. 248 158 10.3 6.9 14.3% 9.6% 
N s/.. 259 175 10.8 7.6 15.0% 10.6% 
N 6/.. 222 212 9.3 9.2 12.9% 12.8% 
N 7/.. 2 230 8.7 10.0 12.1% 13.9% 
N 8/.. 153 254 6.4 11.0 8.9% 15.3% 
N o/.. 109 255 4.5 11.1 6.3% 15.4% 
Tatas... «0.450 1728 1656 | 71.9 71.9 100.0% 100.0% 

















gray, N5/. ‘This means, by way of interpretation, that a middle-gray 
was chosen from a series of brightnesses as ‘most like’ the low tone 
of 150 dv. When a high tone of 5750 dv. was employed a week later, 
the choice shifted, as shown in the last column of Table I, to a near- 
white with percentages of 15.3 for N 8/ and 15.4 for N g/. There 
was, then, a definite shift in judgment from a middle-gray to a white 
when the tone was raised from low to high. This fact is more clearly 
shown in Fig. I. The solid curve represents the results obtained when 
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MUNSELL SCALE OF VISUAL BRIGHTNESSES 


Fic. 1. Curves depicting visual brightness ‘most like’ auditory stimulus presented. 
Using tone of 150 dv. (24 Ss). -—--—-— Using tone of 5750 dv. (23 Ss). (20 Ss were common 
to both groups.) 


using the low tone, and the dotted curve represents the results for the 
high tone. 

Tabular results for the hue-dimension are given in Table II. 
The second-last column shows that high percentages for the low tone 
ran from yellow (Y 5/6) through red (R 5/6) to the purples (P 5/6). 
This result might serve as judgmental evidence for the now-tradi- 
tional psychological color circle or triangle. The results at least 


TABLE II 


ReEsu.ts For Hve DIMENSION 
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Visual Stimulus Total No. Judgments Average No. Judgments of Total 
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show some evidence for a non-linear and closed psychological hue- 
dimension. When the high tone was used there was a pronounced 
shift in judgment toward the blue-green region with a high per- 
centage at blue (B 5/6). This shift appears more clearly in the 
graphic representation of the results given in Fig. II. Note the 
relatively parallel orientation of corresponding segments of the two 
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6). 
\di- MUNSELL COLORS MATCHED FOR CHROMA ARD BRIGHTKESS 
ast Fic. II. Curves depicting visual hue ‘most like’ auditory stimulus presented. Using 
tone of 150 dv. (24 Ss). -—-—-—-— Using tone of 5750 dv. (23 Ss). (20 Ss were common to both 
groups.) 


-_ curves: ¢.g., the segment from yellow (Y 5/6) to green (G 5/6) for the 
t high tone is roughly parallel to the segment from blue (B 5/6) to 
purple (P 5/6) for the low tone, the segment from orange (RYR 5/6) 
to yellow (Y 5/6) for the high tone is roughly parallel to the segment 
from green (G 5/6) to blue (B 5/6) for the low tone, etc. If one con- 


7 siders the graphs as circular and tridimensional, so that the P 5/6 end 
; is extended in a circular fashion to meet the R 5/6 end, then one could 
6 say that a circular shift had occurred from the blue-red-yellow region 
, to the green-blue region. There was, at any rate, a definite and 


uniform shift from one position to another in the hue-dimension as 
well as in the brightness-dimension. 
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There might well be an a priori expectation of a shift in judgment 
from a darker to a brighter gray with a change from a low to a high 
tone. ‘They are both linear dimensions. ‘There could, however, be 
little reason, aside from some purely personal preference, to expect 
any particular shift in judgment for the hue-dimension. The fact 
that there was such a shift is significant, since it shows that brightness 
is not the only visual dimension which can be correlated with auditory 
pitch by the method used in the present experiment. 

In conclusion, since it is possible to correlate a particular bright- 
ness from any restricted range of visual stimuli (within the whole 
brightness-dimension) with a given stimulus from some heteromodal 
dimension, as shown by Cohen, and since, as the present experiment 
has demonstrated, it is also possible to correlate particular stimuli 
from both the visual-brightness and visual-hue dimensions with given 
sound stimuli, then it cannot be stated that brightness is a sensory 
attribute which is common to all modalities. It might be said more 
reasonably that past experience with each of the several sensory 
dimensions makes it possible to compare the relative positions of 
stimuli in their own dimensions. It is not clear, however, to the 
present experimenter why there should be such consistency in the 
choice of relative positions on the circular, or at least closed, visual- 
hue dimension when it is compared with the linear auditory-pitch 
dimension. On a circular or closed dimension there do not seem to 


be any particular points which correspond to the limits found in 
linear dimensions, and which could be used as starting points for 
transdimensional comparisons. It would seem that great individual 
differences might be expected in the comparison of points on acircular 
dimension with corresponding points on a linear dimension. Large 
individual differences, however, did not appear with the twenty-odd 
subjects used in this experiment. 


(Manuscript received October 8, 1941) 
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THE PROCESSES INVOLVED IN THE REPEATED 
GUESSING OF ALTERNATIVES 


BY B. F. SKINNER 


University of Minnesota 


In reporting the data from the Zenith experiments on telepathy, 
Goodfellow (1) has pointed out that the sixteen patterns which result 
when subjects are asked to make five guesses between two alternatives 
occur with frequencies which are related to their symmetry. Good- 
fellow defines symmetry in a special way and makes no claim for it 
as a psychological process. Nevertheless, the term has recently 
appeared in a paper by Yacorzynski (4) as if it referred to a property 
of perceptual configuration, and patterns have been obtained from 
psychotics in order to follow the ‘disintegration of perceptual prin- 
ciples.’ To speak of a series of five guesses as a single organized act 
is perhaps in line with one trend in modern psychology, but a possible 
alternative view, in which a unit of behavior is taken at a lower level 
of analysis, needs to be stated. It is also important to compare the 
two levels with respect to descriptive power. 

Guessing is a special kind of (usually verbal) behavior in which 
two or more responses are about equally likely to be emitted. In 
guessing ‘heads or tails,’ for example, the conditions of the experi- 
ment strengthen these two verbal responses, but no circumstance 
strengthens one to the exclusion of the other. The responses may 
have slightly different resting strengths, so that one will be ‘preferred’ 
in the long run, or some circumstance like a biased instruction may 
momentarily alter the balance; but there is no clear determiner of 
either response such as exists, say, in the case of reading a coin already 
tossed. Guessing repays study because it throws into relief certain 
minor variables in the determination of verbal behavior which are 
normally obscured by variables of greater moment. 

The first guess in a series of five, as in the Zenith experiments, is 
apparently controlled by an abiding preference, by biased preliminary 
conditions, or by trivial circumstances which cancel out in the long 
run and are spoken of as ‘chance.’ The second guess raises a different 
problem, for it is under the additional control of the first. Likewise, 
the third guess is under the control of the second and perhaps the 
first, and soon. Goodfellow notes the fact that subsequent guesses 
depend upon the preceding but dismisses the relation apparently as 
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too complex for analysis. However, if we are not to fall back upon 
the whole series as a configurational unit, we must account for each 
guess in turn, and this demands a statement regarding the effect of 
one guess upon another. The additional variables noted in the 
preceding paragraph are presumably operative upon all five guesses, 
but we may eliminate them by following Goodfellow’s practice of 
expressing all sequences in terms of the first call. Thus, both ‘heads- 
tails-heads’ and ‘tails-heads-tails’ are recorded as ‘727.’ Our prob- 
lem is to describe the percentages of the final patterns expressed in 
this way in terms of the effects of each guess upon subsequent 
guesses. 

In Table 1 the whole guessing process in the Zenith experiments 
has been reconstructed. The bold-faced numbers not in parentheses 
in the right-hand column are from Goodfellow’s tables and represent 
in each case the frequency of the call-pattern shown just below in 
italics. Thus, 4.34 percent of the persons replying to the broadcasts 
reported the sequence 4212I and 5.70 percent the sequence 12122. 
The sum of these two figures (10.04) gives the percentage who guessed 
1212 on the first four calls, and this figure (also in bold-face and 
without parentheses) is entered in the second column from the right. 
Its corresponding four-place pattern is indicated just below. All 
four-place percentages have been entered in this manner. From 
them we are able to calculate percentages for the three-place calls and 
in turn for the two-place. Thus, 21.94 percent guessed r2r on the 
first three calls and §2.93 percent guessed 12 on the first two. In 
Table 1 each of these figures has also been converted into a percentage 
of the figure at the immediately preceding stage. The results are 
given to one decimal place in parentheses (and also in bold-face). 
Thus, the 21.94 percent who called r2z represent 41.5 percent of 
those who called 12, and this figure is shown in parentheses just 
before 21.94 in the table. The corresponding percentage for those 
who called 722 is not needed in what follows. 

A further step is to describe each call in terms of whether it in- 
volves alternation from the preceding. The sequence 12 shows 
alternation and is accordingly marked A in Table 1; the sequence 17 
does not and is marked O. The designation AOAA means that the 
sequence 12212 shows alternation followed by a failure to alternate 
followed by two alternations. 

We are now able to collect together the various percentages of 
alternation according to the history of alternation. In the column 
headed ‘Zen.’ in Table 2 the percentages have been grouped according 
to the conditions which precede the last A. They reveal a significant 
uniformity. There is an original teridency which produces alterna- 
tion 52.9 percent of the time on the second guess. (This tendency is 








TABLE 1 
RECONSTRUCTION OF THE GUESSING PROCESS IN THE ZENITH EXPERIMENTS 
The italics indicate the patterns of guesses; the preceding A’s and O's describe each in terms 
f the alternations involved. The Zenith-Goodfellow data are in bold-face; the numbers in 


parentheses indicate the percentage of alternation from the preceding stage. The numbers not 
in bold-face are constructed from the four selected percentages in Table 2, Lines 16-19. 
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actually very slight since 50 percent would indicate none at all.) 
When a call follows an alternation already made, the percentage of 
alternation drops to the low forties (Lines 2, 3, and 4, Table 2), but it 
rises to the seventies when the preceding call has not shown alter- 
nation (Lines 5-11, Table 2). (The two exceptions in the sixties 
are for fifth-place calls.) _ 
We can give a fairly good account of the table by rounding out the 
three constants in Lines 16, 17, and 18, which state the percentage 


TABLE 2 


PERCENTAGES OF ALTERNATION AT VARIOUS STAGES IN THE GUESSING PROCESS 
































| | 
| Zen | con. =| MED. Schiz. M.-D. and 
} Schiz. 
I First A 52.9 | 49.8 61.3 52.6 | 57.0 
2 AA 41.5 37.4 59.2 66.7 62.6 
3 AAA 45.8 60.2 58.7 64.4 61.7 
4 AAAA 43.2 55-4 82.2 83.2 82.7 
OA 77.9 76.4 48.5 64.6 53.5 
6 OOA 78.6 89.9 56.0 56.5 56.2 
7 AOA 2.8 70.2 90.4 64.6 80.0 
8 OOOA 62.3 — 43.2 28.7 36.4 
9 AOQOA 76.9 87.1 50.0 80.7 71.7 
10 OAOA 67.6 60.0 100.0 83.8 92.0 
1 AAOA 2.9 83.8 66.0 60.0 64.5 
12 OAA 52.4 67.2 60.1 73.0 67.6 
3 AOAA 51.7 40.2 61.1 66.4 63.0 
4 OOAA 45.4 47.2 44.6 66.4 55.8 
I OAAA 74.0 58.6 66.4 44.0 52.0 
Selected Constants 
16 First A 53 50 61 53 (60) 
17 A-A 43 45? 59? 65? (60) 
18 O-A 75 76? $2? 64? (60) 
19 O A-A 53 60? 61? 70? (60) 

















alternations which obtain according to whether there is an immedi- 
ately preceding call and whether it involves alternation or not. It 
would be surprising if it were not necessary to go farther back than 
the immediately preceding call, but the only cases which call for 
special treatment are those in which a preceding A is itself preceded 
by an O (Lines 12-14). The presence of the O apparently prevents 
the reduction to 43 percent which A otherwise implies. At least this 
is true for OAA and AOAA, and in order to avoid multiplying con- 
stants we may let the same value of 53 percent apply to this group. 
OAAA is an outstanding exception, to be discussed later. 
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The adequacy of the selected percentages at the bottom of Table 2 
may be estimated by reconstructing Table 1 exclusively through 
their use. By beginning with 100 percent and taking the percentages 
dictated by the conditions of alternation, we obtain sixteen final 
percentages. ‘These, together with various percentages en route, are 
shown in Table 1 directly below the corresponding Zenith figures, 
with which they should be compared. With two exceptions the 
correspondence is satisfactory. 

The failure to describe one pair of percentages is a curious one. 
Calls beginning with rz2z are satisfactorily accounted for at OAA, 
but the subjects who have reached this point tend to alternate about 


74 percent of the time instead of 43 or 53 percent as expected. ‘The 


preceding OAA has had the same effect as O (although the similarity 
in magnitude may be a coincidence). ‘There seems to be no special 
characteristic of the sequence 11212 to explain this anomaly. It 
cannot be interpreted as an avoidance of the conspicuous symmetry 
of rz21r (not to be confused with Goodfellow’s symmetry, which 
shows a difference of only one point between 17212 and 1121/1), 
since there is only negligible evidence of such avoidance elsewhere.! 
Similarly, no appeal can be made to the fact that 17212 works toward 
evening the score between 12’s and 2’s, since the table shows no 
tendency to exceed the calculated figures in the direction of equalizing 
calls. If we wish to use statements concerning alternation to account 
for the major part of the table, we cannot appeal to these additional 
processes to explain an atypical case since they are incompatible. 
(This does not exclude the possibility of accounting for the whole 
table with some other set of statements, possibly involving symmetry 
or the balancing of r and 2.) If we accept the Zenith-Goodfellow 
figures as a valid indication of general tendencies (as the size of the 
sample seems to warrant), our only course is to set up a separate 
statement for the case of OAAA. 


The effect of an alternation must be distinguished from that of a 
single guess. It is not altogether the preceding response which 
determines the response to be made but in addition whether this 
response has involved alternation. ‘This is a distinction of some 
importance. Studies of formal patterning in speech have frequently 
indicated a substantial tendency to repeat a response already made 
(see, for example, 2), and various lines of evidence suggest that this 
is a primary characteristic of verbal behavior. Nevertheless, a 

1 If it were operative, 122 ought to be favored over 127, 12122 over 12121, and 12222 over 
12221, but although the percentages for these non-symmetrical sequences exceed the calcualted 


percentages, the average excess is only 0.3 percent above the slight average excess of the sym- 
metrical sequence. This will not go very far toward accounting for an excess of 4.33 percent 


at OAAA, 
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tendency is set up in the growing child, through readily observable 
processes of conditioning, which opposes repetition.2. In a universe 
limited to two responses, not-repeating is, of course, alternating. In 
the present case the first guess may be supposed to strengthen the 
same response for a second emission. But the effect of reinforcement 
opposing repetition is to counteract this tendency so that alternations 
occur $3 percent of the time. When this figure is compared, not with 
a chance §0 percent, but with a probable tendency to repeat the same 
form, greater importance may be attached to the process which 
produces alternation. The present data demonstrate the additional 
fact that alternation is more likely to occur after failure to alternate 
and less likely after previous alternation. This may plausibly be 
attributed to the conditions of reinforcement which establish the 
tendency to alternate, since the verbal community which provides 
the reinforcement opposing repetition will presumably react more 
vigorously to repeated failure to alternate and less vigorously to 
failure which follows due alternation. 

The statements extracted from Table 2 require little or no inter- 
pretation, since they have a very direct reference to behavior and 
describe processes which are quite plausibly explained. For this 
reason the correspondence between the Zenith and the calculated 
percentages is more significant than a correspondence with sym- 
metries. It is also probably a more complete correspondence. Al- 
though symmetry may be said to give the correct rank order of the 
percentages, there are as many as five cases with the same number 
of symmetries, and the relative order of their corresponding fre- 
quencies is not predicted. Nor does symmetry give any clue as to 
magnitude. 


The additional data supplied by Yacorzynski (4) cannot be as 
adequately accounted for with a few numerical statements. The 
percentages of alternation exhibited by his control group, under 
conditions which were intended to approximate those of the Zenith 
experiments, are given in Table 2 under ‘Con.’ The original per- 
centage alternation is lower (49.8 percent) and, in fact, shows no 
tendency to alternate whatsoever. The drop following alternation 
(to 37.4 percent) is comparable with that in the Zenith case, and the 
rise following failure to alternate is of the same or even slightly greater 
magnitude. But in spite of this rough agreement the control figures 
are much less consistent, and it is impossible to select rounded values 
which give a good account of the final percentages. The difficulty 

? Reinforcements applied to speech to oppose prior tendencies are fairly common and, indeed, 


give rise to some of the most important properties of verbal behavior. There is a special problem 
involved in separating opposed effects for measurement, but it is not insoluble (3). 
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seems to be in the smallness of sample and is one which especially 
besets the fifth-place calls where the percentages are of very small 
groups. The anomalous result at OAAA in the Zenith-Goodfellow 
data also appears, but less strikingly, in Yacorzynski’s control group. 

Yacorzynski has shown that the sequences given by psychotics 
differ significantly from his own controls and from the Zenith-Good- 
fellow figures. Does the interpretation just advanced for the normal 
case throw any light on the difference between normal and psychotic 
behavior? The percentage alternations under ‘Schiz.’ and ‘M.-D.’ 
in Table 2 provide whatever answer is available from these small 
samples. 

The schizophrenics begin with a normal tendency to alternate but 
this is not decreased when one or more alternations have been made. 
On the contrary the percentages rise, reaching 83.2 in the case of 
AAAA (if the figure is reliable). Such an increase would result in 
part from a mixed population, in which there were some members 
who invariably alternated. In any event, the normal tendency not 
to alternate following alternation is lacking. The other conspicuous 
feature of the normal case—the increase in percentage-alternation 
after failure to alternate—is also lacking. It is true that the value for 
OA is 64.6, an increase over 52.6, but it is less than the value for AA, 
and the value for OOA is considerably lower. In general, there may 
be some increase in alternation as the guessing proceeds, but this 
holds regardless of the nature of preceding calls. Essentially the 
same may be said of the manic-depressive group, except that the 
original tendency to alternate is high (61.3). The reduction produced 
by earlier alternations (to 59.2 and 58.7) is probably not significant 
and, as in the case of the schizophrenics, a very high value (though of 
doubtful significance) is reached for AAAA. Any increase in tend- 
ency to alternate following failure to alternate (see the group ending 
OA) is also clearly lacking; indeed, a decrease might be claimed. 
So far as these small samples warrant generalization, we may sum- 
marize the percentages of Table 2 by saying that the psychotics show 
no effect of past alternation upon alternation in the call to be made. 

This is equivalent to saying that the percentages can be described 
with a single statement, giving a permanent tendency to alternate, 
rather than with the three or four demanded in the case of the normal 
subject. From the combined percentages for the present groups 
(last column in Table 2) this tendency will be seen to be in the 
neighborhood of 60 percent, although there are large deviations. 
The adequacy of a single statement may be tested by constructing 
final percentages on the basis of a constant 60 percent alternation. 
The resulting sixteen percentages, together with the observed, are 
given in Table 3. About half the cases show a close approximation. 
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The others differ chiefly on the fifth call, where the sample is smallest. 
For example, the largest differences appear in the first two pairs of 
percentages, yet their sums show a very good correspondence (22.0 
and 21.6). All calls beginning with r2z2 are adequately described, 
although the final call is not. The discrepancy is of such a sort as 
to be produced by a small group who invariably alternate, although 


TABLE 3 


PERCENTAGES FOR THE SIXTEEN PATTERNS OBTAINED FROM PsycHoTICS AND PERCENTAGES 
CALCULATED ON THE Basis OF A CONSTANT TENDENCY TO ALTERNATE 
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the correspondence at 1272 places this in question. The only other 
serious discrepancy is for zzzzz, which may represent a small per- 
severative group who do not alternate at all. 

One might conceivably describe this sort of psychotic behavior as 
showing a ‘disintegration of perceptual principles,’ but by analyzing 
the pattern of a series of guesses (with its dubious status as an aspect 
of behavior) into the discrete events which make it up, a simpler and 
more useful statement may be reached. In making a series of five 
calls between two alternatives the psychotic differs from the normal 
in being uninfluenced by his own past behavior. The statement is 
plausible enough in view of what is known about psychotic behavior 
in general. 


A Note on METHOD 


In a matter of this sort it is very easy to drop into the jargon of 
postulational method. We might say that we assume certain tend- 
encies to alternate and then validate our assumptions by predicting 
the final percentages correctly. But these ‘assumptions’ are actually 
nothing but descriptive statements. We examine percentages of 
alternation at various stages and note that they are related to certain 
anterior conditions. ‘Thus, we assert that a subject tends to alternate 
seventy-five percent of the time if he has just failed to alternate, 
but at no time does the assertion appear as an assumption. It is, 
rather, the approximate statement of a fact. Our net result is, 
not that certain assumptions have been tested and shown to be 
adequate, but that we have found it possible to talk about behavior 
involving sixteen patterns with a few comprehensive statements. 

It is possible that any example of postulational method in the 
empirical sciences may be interpreted in the same way and that 
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‘predicting’ a fact from a set of assumptions is never intended to 
mean more than describing it. But if this is the case, the pretense 
of deduction should be abandoned, at least by those who are interested 
in a descriptive science of thought and who wish, therefore, to see 
the number of thought processes reduced to a minimum. 


SUMMARY 


Participants in the Zenith experiments on telepathy were asked 
to make a series of five guesses between two alternatives. The per- 
centages of the sixteen resulting patterns have been reported by Good- 
fellow and are here interpreted in terms of a tendency to alternate 
calls. Quantitative estimates of such a tendency are made for each 
of several conditions of alternation, and these are tested by con- 
structing percentages for sixteen patterns to be compared with the 
Goodfellow percentages. Yacorzynski’s data from psychotics differ 
from the normal merely in showing no effect of past alternations. 

These interpretations are offered as more satisfactory than refer- 
ences to ‘symmetry’ or, in the case of the psychotics, to ‘the dis- 
integration of perceptual principles.’ 


(Manuscript received December 5, 1941) 


REFERENCES 


1. GoopFELLow, L. D., A psychological interpretation of the results of the Zenith radio experi- 
ments in telepathy, J. exp. Psychol., 1938, 23, 601-632. 

2. Skinner, B. F., A quantitative estimate of certain types of sound-patterning in poetry, 

Amer. J. Psychol., 1941, 54, 64-79. 

. Skinner, B. F., Verbal behavior (Manuscript). 

4. Yacorzynskli, G. K., Perceptual principles involved in the disintegration of a configuration 
formed in predicting the occurrence of patterns selected by chance, /. exp. Psychol., 1941, 
29, 401-406. 


w 











THE INFLUENCE OF PRACTICE ON THE DYNAMO- 
GENIC EFFECT OF MUSCULAR TENSION * 


BY FREDERICK A. COURTS 


University of Missourt 


Among the factors which determine whether experimentally in- 
duced muscular tension will facilitate or interfere with a given per- 
formance it has been suggested that practice effects are important. 
Bills (1) has found that in successive periods of practice under tension 
the facilitative influence of tension is increased. In his experiment, 
however, this practice effect occurred only when performance was 
observed under conditions of a work limit, where the lengths of vari- 
ous trials were determined by the subject’s rate of work and facilita- 
tion of performance occurred in terms of increased speed. This fact 
suggests that the observed increase in the effectiveness of tension 
may have been due not to the influence of practice on the dynamo- 
genic character of tension per se, but to a progressive change with 
practice in motivational factors of a cognitive and volitional nature. 
It is possible that as the experiment continued the subjects became 
increasingly aware of the fact that faster work would secure earlier 
release from the experimental requirement of maintaining dynam- 
ometer effort and performing mental work at the same time. The 
problem of the change in tension effects uncomplicated by other 
motivational factors with successive exposures to the same task 
under tension has remained unanswered. 

Stauffacher (4) has suggested that among ‘poor learners’ those 
who had no previous practice in memorizing nonsense syllables by 
the anticipation method showed greater facilitation resulting from 
tension than did those who had previously experienced such practice. 
This finding indicates the existence of another problem, namely, that 
of the influence on tension effects of previous practice in the observed 
performance without additional tension. 

The purpose of the present investigation is to study a third aspect 
of the problem of the influence of practice on the dynamogenic effect 
of tension. The experiment has been designed to determine the 
relative levels of performance at successive stages of learning when 
various amounts of tension have been experimentally induced through- 
out the entire course of learning. 

* This investigation was assisted by a grant from the University Research Council of the 


University of Missouri. Clerical assistance in analyzing the data was provided by the National 
Youth Administration at the University of Missouri. 
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PROCEDURE 


Subjects practiced for 50 trials on a modified Koerth pursuit rotor (3). Trials were 20 
seconds in length and were alternated with 40 second rest intervals. Timing of trials and rest 
intervals was automatic. Scores were recorded for each trial by a Standard Electric 1/100 second 
timer. A Smedley hand-dynamometer, mounted on an adjustable support near the subject’s left 
hand, was equipped with a contact which could be set so as to turn on a small signal light near the 
rotor when the dynamometer was squeezed with a given amount of pressure. At the beginning of 
the experiment and § seconds before the end of each rest interval, a ready signal was given, 
whereupon the subject placed the stylus on the target with his right hand and squeezed the 
dynamometer with his left, maintaining sufficient pressure during the trial to keep the signal 
light on. The handles of the dynamometer were covered with sponge-rubber so as to minimize 
the discomfort resulting from maintaining a high degree of pressure. 

At the beginning of the experiment the subject was asked to grip the dynamometer as hard 
as possible and to maintain the pressure. The reading at the end of 30 seconds was taken as a 
measure of relative strength. Six experimental groups of 32 subjects (16 men and 16 women) 
were run under dynamometer tensions of 1/8, 1/4, 3/8, 1/2, 5/8, and 3/4 of this measure of strength. 
A control group of 24 men and 24 women merely held the left hand on the dynamometer without 
squeezing. 


RESULTS AND DiscussIoN 


The mean scores in §0 trials for the seven tension conditions are 
shown in Fig. 1. There is a clear-cut sex difference, every group of 
women being inferior in this performance to the corresponding group 
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Fic. 1. Mean pursuit rotor scores over $0 trials under different amounts of muscular 
tension induced by squeezing a dynamometer with the left hand. 








FREDERICK A. COURTS 


TABLE 1 


FREQUENCY DisTRIBUTIONS OF DyYNAMOMETER SETTINGS USED FOR THE 
DIFFERENT Groups 








Men | Women 





Dynamometer | : 
y : Dynamometer Tension 









































Setting 

Ma M4 *% Me % 34 | % 4 36 14 56 BG 
32 kg. I 
31 
30 2 
29 
28 
27 
26 
25 I 
24 I 4 
23 I 
22 I I 
21 I 2 
20 . 3 
19 
17 2 
16 4 I 
15 2 4 3 2 5 
14 2 I 
13 2 I I 
12 I 4 2 
II I 2 I 
10 6 I I I 7 2 
9 2 4 3 2 2 
8 I 2 2 2 
7 I I I 4 6 I 
6 I I I 5 4 I 2 
5 3 2 2 I 

8 4 3 
3 4 5 7 I 
2 5 2 
I 6 
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Mean | 4.1 8.8 109 16.2 16.7 22.4] 1.9 3.6 





of men. ‘The optimal tensions are 1/8 and 1/2 for both sexes. ‘This is 
interesting in view of the fact that the actual amount of dynamometer 
tension was not the same for the men and the women (Table 1). 
The slight facilitation and inhibition of performance which ap- 
pears in Fig. 1 is artificially attenuated, since in combining trials from 
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all portions of the learning performance facilitation which appears at 
one stage of learning may be cancelled out by disruption of per- 
formance resulting from the same degree of tension at some other 
stage of learning. ‘This is shown in Fig. 2, where the average scores 
for successive sets of 10 trials have been plotted against amount of 
tension. Here it appears that the greatest facilitative effect of ten- 
sion occurs between trials 11 and 20formen. For the women tension 
is maximally facilitative between trials 21 and 30. As learning pro- 
gresses the originally detrimental influence of high degrees of tension 
becomes more marked and impairment of performance as a result of 
tensions greater than the optimum occurs earlier in the tension series. 
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Fic. 2. The influence of dynamometer tension on pursuit learning at various stages of practice. 


In order to ascertain whether the differential effect of various 
tensions is modified by practice in other types of learning situations, 
data from a study of nonsense syllable memorization under tension 
were analyzed (2). Figure 3 shows the average scores per trial for 
60 male subjects. ‘Trial 1 in the figure is the first scored trial, which, 
since learning was by the anticipation method, is the second trial 
through the list under conditions of tension. ‘The curves for memori- 
zation are somewhat more regular than those for pursuit learning 
since in the former situation N was larger and by means of a counter- 
balanced experimental design every subject participated under all of 
the conditions. In memorization, as in pursuit learning, the maximal 
facilitation from tension occurs early in the course of learning, but 
not during the first trials. In memorization also the detrimental 
effect of extreme degrees of tension becomes more marked as learning 
progresses. 
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hic. 3. The influence of dynamometer tension on serial learning of 3-letter consonant 
syllables at various stages of practice. 


* Scores are in terms of the number of letters correctly anticipated (and correctly placed 
within the syllable). Since each score is based on two lists occurring in counterbalanced order, 
the highest possible score is 36. 


In the three different sets of curves shown in Fig. 2 and Fig. 3, 
every group of data shows during the early stages of learning two 
degrees of tension which are more facilitative than the other tensions 
used. ‘The curves thus appear to be roughly M-shaped. In any one 
instance this might be attributed to artifacts of sampling and meas- 
urement. In view of the consistency with which the M-shape occurs 
in these data, however, it is hardly probable that it represents an 
artifact. The shape of the curve may be hypothetically explained 
on the basis of two assumed factors. The first of these is the facili- 
tative and inhibitory influence of proprioceptive stimulation resulting 
from the tension inducing activity. "The assumed form of the rela- 
tionship of performance to this factor is shown in Fig. 4. This 
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relationship is probably essentially constant for all stages of learning 
a given task up to the point where the ceiling in terms of recorded 
measurements is reached. Residual tension, however, may shift the 
curve to the left on the scale of dynamometer tension as practice 
continues in trials subsequent to the first. 

The other factor may be tentatively identified as ‘emotional dis- 
ruption’ resulting partly from pain stimulation aroused by the con- 
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Fic. 4. Hypothetical explanation of the influence of dynamometer tension on performance. 


tinued maintenance of muscular tension and partly from the difh- 
culty of executing the bifurcated task. ‘This factor, represented by 
the dotted line in Fig. 4, may be assumed to become stronger with 
continued maintenance of tension during the experiment. ‘The heavy 
solid line in Fig. 4 represents the algebraic sum of the influences of 
these two hypothetical factors during the early stages of learning. 
This curve bears some resemblance to the obtained curves in Figs. 1, 
2,and 3. With successive trials, ‘emotional disruption’ may be sup- 
posed to occur earlier in the tension series, the curve maintaining 
the same form throughout, but perhaps dropping lower in the later 
trials. Obviously, by assuming different values for the two factors 
most of the obtained curves could be approximated. ‘This ‘explana- 
tion’ of the data is, of course, hypothetical. Its only value lies in the 
fact that it suggests possible lines of further research into the problem 
of the dynamogenic effect of tension. Further experiments are 
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planned to test some of the deduced consequences of this hypothetical 
explanation. 

It was shown in an earlier study (2) that the reliability of the 
preliminary dynamometer test of strength was r = .80, when com- 
puted by the test-retest procedure. No evidence, however, is avail- 
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lic. 5. Pursuit rotor scores plotted against actual dynamometer tension without taking 
into account individual differences in muscular strength. 





able concerning the validity of this measure. Consequently, since 
there was much overlapping among the groups in the present experi- 
ment with respect to the amount of dynamometer effort required of 
the subjects, the data were reclassified on the basis of the actual 
amount of dynamometer effort required. The dynamometer settings 
used for the original groups are shown in Table 1. The heavy lines 
in Table 1 represent the new classification, which makes no attempt 
to take into account individual differences in strength. 

Figure 5 shows the result of reclassification of the data without 
regard to individual differences in strength. Apparently this pro- 
cedure gives no new information. Disruption of performance still 
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appears earlier in the series of tensions as practice increases. ‘The 
somewhat greater variability of the curves obtained when scores are 
plotted against the actual amount of dynamometer effort suggests 
that there is some advantage in determining on the basis of individual 
differences in strength the amount of effort required to induce a given 
level of tension. 


SUMMARY AND CONCLUSIONS 


In an attempt to ascertain the influences of practice on the dy- 
namogenic effect of experimentally induced muscular tension, 240 
subjects were given 50 trials on a modified Koerth pursuit rotor 
under various degrees of tension induced by squeezing a dynamometer 
with the left hand. The performances of these subjects and the data 
from a previously published experiment on the influence of dynam- 
ometer tension on memorization were analyzed at various stages of 
learning. An hypothetical explanation of the results was based on 
the assumption of two factors which operate to modify performance 
in experiments dealing with the influence of experimentally induced 
muscular tension. ‘The following conclusions are substantiated by 
the results of the experiment: 


1. As learning progresses the facilitative influence of optimal de- 
grees of tension increases to a maximum after which it decreases with 
additional practice. 

2. The originally detrimental influence of high degrees of tension 
becomes more marked as learning progresses. 

3. With successive trials the impairment of performance as a 
result of tension greater than the optimum occurs earlier in the 
tension series. 

4. There is some justification for the procedure of adjusting ten- 
sion loads in terms of the subject’s strength. 


(Manuscript received November 10, 1941) 
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DOES THE CUMULATIVE MEAN MEASURE 
‘PRIMARY GROWTH’? 


BY BRYAN PAYNE 


Indiana University 


It will be recalled that in Snoddy’s studies of mirror-tracing (2) 
he thought that two fundamental phases of ‘growth’ in motor co- 
ordination had been discovered. ‘The first phase, which he called 
‘primary growth,’ was said to come early in practice and to be a 
positive function of repetition and interpolated time. The second 
phase, which he called ‘secondary growth,’ was said to come late in 
practice and to be a function of the primary growth base, repetition 
without interpolated time, and lateness in practice. In order to 
describe these two growths more precisely, he attempted quantifica- 
tion of them. In one instance, Snoddy proposed that an equation 
made to pass through an initial learning score and a score immediately 
following a 24-hour time interval is a rough estimate of the primary 
growth that has taken place for that day. ‘This rough measure was 
dictated by his contention that secondary growth is subject to re- 
moval by the action of a 24-hour time interval. In another instance, 
he proposed that the cumulative mean is the more adequate measure 
of primary growth. ‘This measure was chosen because its cumulative 
properties were analogous to those of primary growth. Studying 
normal subjects, Snoddy tested the value of this measure by showing 
that, after an interval of three weeks, their learning score did not fall 
below the point reached by the cumulative mean. 

The value of the cumulative mean as a measure of primary growth 
must be demonstrated experimentally. If, after interpolating a long 
interval between practice periods, we can observe that no subsequent 
learning score falls below the cumulative mean of the previous scores, 
the cumulative mean may be said to have some value as an expression 
of the stability of primary growth. If, one the other hand, we observe 
that learning scores following a lapse of time do fall under the cumu- 
lative mean of the previous scores, the cumulative mean may be said 
to be without value for the measurement of primary growth. 

While engaged in a larger program of research,! the writer ob- 
tained data which would enable him to check upon the value of the 
cumulative mean as a measure of primary growth. The data were 


1 The writer acknowledges his indebtedness to Dr. C. L. Williams and the medical staff of 
the Logansport State Hospital, Logansport, Indiana, for their generous cooperation. 
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obtained from diagnosed dementia praecox cases. But this fact can 
in no way make the test unfit, for Snoddy contends that primary 
growth is present in all mirror-vision codrdination learning and that 
the cumulative mean is the adequate measure of it. 


METHOD 


Eighteen dementia precox cases were given 10 trials a day for 7 days at the mirror-tracing 
task, previously described by Snoddy (1935). Intervals of one-half minute were interpolated 
between successive trials. With one exception, intervals of 24 hours were interpolated between 
practice days. One year elapsed between the third and fourth practice days. The methods of 

) pacing and computation of velocity scores were employed in accordance with Snoddy’s specifica- 


tions. The measure of learning is the mean length of path traced in one second with one error 
in that second. 
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The learning curve shown in Fig. 1 was drawn from the first 40 
‘ average scores of 18 cases practicing at the mirror-tracing task. Be- 
low the learning curve is presented the curve of cumulative means 
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a 34 inclusive fall below the trend indicated by the cumulative mean. 
If it is assumed that there is a cumulative primary growth base under- 
‘. lying the learning curve, these results show that the cumulative mean 
* is not the proper measure of it. 
- Dore and Hilgard (1) have likewise criticized Snoddy’s use of the 


cumulative mean by showing that it contradicted his conception of 
primary growth. They showed that if a curve of learning scores is 
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described by a logarithmic equation, the curve of cumulative means 
of those scores will also be described by a logarithmic equation of 
half the slope of the former. ‘They proposed, therefore, that this 
implied the approximate equality of primary and secondary growths 
from the very first repetition onward. Snoddy could not well afford 
such an implication, since he contended that primary growth 

dominant in the early stages of learning, and secondary growth in 
the later stages. ‘Thus, in another aspect, Snoddy’s conception of 
primary growth and his proposed measurement of it are incompatible. 

The difficulty with the first attempt at quantification of the growth 
is immediately apparent. Since primary growth is said by Snoddy 
to be a positive function of repetition and interpolated time, we are 
compelled to infer that it can only increase across the time interval, 
regardless of its length. If this inference is correct, then the equation 
made to describe the residual following the removal of secondary 
growth over the 24-hour interval cannot be the correct measure of 
primary growth. For example, let us suppose that we have two 
groups of subjects, A and B, practicing for one day and reaching the 
same score level at the end of that day. We allow Group A to begin 
the second day’s practice in 24 hours, and Group Bin 48 hours. The 
law of forgetting indicates that Group B will begin the second day’s 
practice with a lower score than will Group A. The amounts of 
primary growth gained during the first day should be equal for both 
groups, yet the equations describing the residuals must show them to 
be unequal. This equation, therefore, has no value as a measure of 
primary growth. 

Snoddy is now in the difficult position of holding a conception of 
growth that defies experimental determination. His remaining evi- 
dence for the two growth phases lies in his demonstration that early 
increments are large and stable, while late increments are small and 
unstable (2, Table 1). It might properly be asked whether this dem- 
onstration is an adequate basis for the proposal of two wholly distinct 
growth elements in learning. 


(Manuscript received October 9, 1941) 
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DISCUSSION 


DR. COURTS ON THE INFLUENCE OF MUSCULAR 
TENSION ON THE LID REFLEX 


BY HELEN PEAK 
Randolph-Macon Woman’s College 


In a recent paper! Dr. Courts has published results which purport to 
show that the amplitude of the eyelid reflex is unaffected by tension in the 
forearm. ‘The experiment was not intended primarily as a check on any 
earlier studies but an incidental comparison was made between his results 
and certain findings obtained by the present writer in 1931.2 In this con- 
nection Courts says, “‘ The failure of the present investigation to corroborate 
her finding that the amplitude of response is greater when the subject 
tenses his forearm may be due to differences in the strength of stimulus 
used in the two experiments. Moreover, the effect on the amplitude and 
latency of response may not be the same when the reflex is elicited by a 
puff of air to the cornea as when it is elicited by a sudden noise.” * It is the 
purpose of this note to comment briefly upon certain striking differences in 
the procedure of the two experiments which Courts has not mentioned and 
which should be made clear in any attempt to interpret the apparent con- 
tradictions in the results. 

There is, first of all, the possibility of an artifact in Courts’ lid records. 
The average amplitudes which he reports range from a minimum of 27 mm 
to a maximum of 48.9 mm with all the averages above 40 mm for men and 
all but one 30 mm or more for women. Courts does not report the degree 
of magnification which was employed in his recording but if it is assumed to 
have been that usually employed on the Dodge photochronograph, these 
amplitudes are close to maximum. The possibility arises, therefore, that 
facilitative effects of tension were obscured because the unreinforced lid 
responses were so large that there was no room left for increments. Such 
difficulties were avoided in my experiment by making sure that lid closures 
under relaxation sets were no more than one-half maximum size and by 


employing the lid-lever method of recording instead of the lash-shadow 
method. 


1 Courts, F. A., The influence of muscular tension on the eyelid reflex, J. exp. Psychol., 1940, 
27, 678-689. 

2 Peak, H., Modification of the lid reflex by voluntarily induced sets, Psychol. Monogr., 
1931, 42, pp. 68. 

3 Ibid., p. 687. 

‘Courts has confirmed this interpretation in a personal communication. It appears that 
he was referring to this possible artifact when he mentioned the difference in stimulus intensity 
in the two experiments as a factor in the different results. He does not make it clear, however, 
that he intends to emphasize this effect of stimulus intensity in producing complete lid closures. 
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In this same connection a question may be raised about the subjects 
whose records were discarded because their responses were too large to 
record. It would be interesting to know whether the very large records 
which made it necessary to omit these subjects occurred just as often under 
relaxation conditions as under tension. If not, it is possible that the dis- 
carded subjects were the ones showing the most facilitation by tension and 
that their elimination distorted the results. 

The next point of importance relates to differences in the level of relaxa- 
tion and tension employed in the experiments under discussion. In the 
absence of accurate measures of general tension it is impossible to establish 
conclusively any statement about the range of tension used in either case, 
but it may be shown beyond reasonable doubt that the general level was 
lower in my experiment. A ten minute rest in a quiet room preceded the 
recording of eye-blinks under relaxation conditions and it was noted that on 
several occasions the subjects tended to drop off to sleep under this set. 
Moreover, an uninterrupted series of 24 trials was given under one condition 
before shifting to another. This undoubtedly permitted a gradual increase 
in the depth of relaxation. On the other hand, Courts’ subjects were not 
instructed to relax and the two responses ‘without tension,’ which were 
obtained under that condition from each subject, were recorded at some 
point within the series of responses to other degrees of tension. This con- 
stant shifting of conditions on every two trials would be expected both to 
raise the general background of tension and to result in reducing tension 
differences existing under different degrees of dynamometer pressure. The 
difference in tension level in the two experiments is clear, then, and is im- 
portant because of the evidence that an increase in general tonus produces 
facilitation of a performance only within a certain range and that further 
increase either reduces the facilitation or results in inhibition. Freeman 5 
and others have offered data to support this notion that each performance 
has an optimal tension above which further increase is inhibitory. Courts 
himself mentions this fact in the introductory pages of his article but he 
does not refer to the possible application of this fact to an explanation of 
the difference in the results of our experiment. It is possible, then, that the 
levels of tension used by Courts were too great to affect the amplitude of the 
lid response. 

It is impossible to know to what extent differences in time relations in 
the two experiments are responsible for the results obtained but the existence 
of such differences should be recognized, for it is well known that the 
temporal relations of certain events to the response being observed may 
determine the difference between inhibition and facilitation. ‘To mention 
but one of many examples, the often quoted experiment of Bowditch and 
Warren ® showed that the knee jerk was facilitated when a signal for 
clenching the hands preceded the tap on the knee by certain intervals and 
was inhibited when other intervals were used. It has been demonstrated by 


§’ Freeman, G. L., The optimal muscular tension for various performances. Amer. J. 
Psychol., 1938, 51, 146-150. 

* Bowditch, H. P., and Warren, J. W., The knee jerk and its physiological modifications. 
J. Physiol., 1890, 11, 25-64. 
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Hilgard 7 that time interval is important for facilitation and inhibition of the 
lid reflex by a light stimulus, and although this experiment did not involve 
voluntary tension, it made clear the effect of time interval on the lid re- 
sponse. In our experiment a ready signal was given about two seconds 
before the stimulus was delivered. In Courts’ investigation approximately 
g.5 seconds elapsed between the time when the subjects had attained the 
required tension and the occurrence of the puff stimulus. The difference is 
a large one and may play some part in determining the results. 

Finally, it should be pointed out that the general design of the two 
experiments was vastly different. From each subject Courts took a sample 
of two reactions at each tension level, 14 reactions in all from each of 28 
subjects who had had no preliminary practice. The other experiment 
involved about 288 reactions from each subject under each of three different 
conditions. It was observed that under relaxation sets the responses tended 
to decrease with practice, while for most subjects practice increased the 
amplitude of lid responses under voluntary sets. The point of maximum 
facilitation was, then, a function of practice and a difference in this variable 
becomes an important determinant of the amount of facilitation obtained. 
Obviously neither condition is the correct condition for studying facilitation 
of the lid response but direct comparison of the two sets of results is incom- 
plete unless such important differences are made explicit. 


(Manuscript received November 10, 1941) 


7 Hilgard, E. R., Reinforcement and inhbiition of eyelid reflexes. J. gen. Psychol., 1933, 8, 
85-113. 
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